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INTERNATIONAL PRELIMINARY 

EXAMINATION REPORT International application No. PCT/USOO/02943 



i. Basis f the report 

1 . This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this report as "originally filed" and are not annexed to 
the report since they do not contain amendments (Rules 70. 16 and 70. 17).): 

Description, pages: 

1-29 as originally filed 

Claims, No.: 

1-20 as originally filed 

Drawings, sheets: 

1/7-7/7 as originally filed 

2. With regard to the language, all the elements marked above were available or furnished to this Authority In the 
language in which the international application was filed, unless othenwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the intemational application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the intemational application in written form. 

□ filed together with the intemational application in computer readable fomn. 

□ fumished subsequently to this Authority in written form. 

□ fumished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the intemational application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been fumished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims. Nos.: 
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□ the drawings, 



sheets: 



5. □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing sucti amendments must be referred to under item 1 and annexed to this 
report.) 



6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with reaard to noveltv. inv^ntivA <£ton 

citations and explanations supporting such statement ' rr* *j, 

1. Statement 
Novelty (N) 



Inventive step (IS) 



Yes: Claims 

No: Claims 1 -20.. .but see below 

Yes: Claims 

No: Claims 1-20 



Industrial applicability (lA) Yes: Claims (1-17). 18-19, (20)...see Vlll:1 concerning methods for treatment 

No: Claims 



2. Citations and explanations 
see separate sheet 



VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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V. Reasoned statement 

The following documents will be referred to in this opinion: 

D1 = WO - A - 9961056 (late-published but refers to earlier relevant art) 

D2= WO-A-9602555 

D3= US- A - 5 747 471 

D4 = Immunobiology; 1997, pages 106-119 

D5 = Trends in Microbiology; 1998, pages 23-27 

& 

D6 = Human Gene Therapy; 20 Jan 1999, pages 223-234; this article was 
added by the Examiner and has been enclosed to the report 



1 . Novelty and inventive step (Article 33 PCT) 

I. D6 

The document D6 appears to disclose all the major features of the present 
Application; see Materials and Methods, Discussion and Figure 5. 
It is presumed that the article was indeed made available to the public before 
the priority date and it will here be considered to take away both novelty and 
inventive step for the entire scope of the claims. 

II. D1-D5 

Having regard to the cited prior art, as well as the background art referred to 
on pages 1-4, 10 and 23 of the Description, it appears to have been well known 
in the art [even clinical studies; page 2] to use cationic molecule:DNA-complexes, 
with i.a. bacterially-derived plasmid DNA. 
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Whereas Claim 1 includes the definition "without an expressible cDNA insert", 
there is no such feature in Claim 7. 

The purpose of independent Claims 1 , 7, and 17 is to generate a protective 
anti-tumour cell immune response - but this antitumour response seems to be 
a general immune stimulation (also known in the art); here suggested to be of 
advantage against tumours too (compare page 3, top, and page 9). 

Furthermore, the teaching does not present anv specific sequences of such nucleic 
acid sequences. 

Concerning Claims 18-19, which are product claims, the intended use is irrelevant. 
Certain national regulations may deviate; in a later European phase it is the complex 
per se that must be novel and inventive. 



As to the inventive step, it is at present supposed that the inventive step is meant 
(by the Applicant) to be based on the nucleic acid sequence without an expressible 
cDNA insert, possibly in combination with the intended use. 

Note that it is obvious from page 10 of the Description that many known lipids can 
be used; the inventive cannot therefore be based on the selection of a particularly 
useful lipid (even GL 67 of Claim 19 is known in the art, see pages 10-11). 

The teaching is not very infomnative about the proper design of the nucleic acid 
sequences that should be used. 

The mere suggestion of the useful property (anti-tumour) seems speculative, and may 
place an unacceptable burden on the skilled man when carrying out the invention. 
In case any (per se) anti-tumour nucleic acid sequence [i.e. disregarding those enco- 
ding peptides with such activity] is intended, we would face the situation where the 
Applicant suggests the use of (known) sequences which are delivered by a (known) 
cationic carrier. 
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Even though this combination may be novel (which may have to be further exa- 
mined once the Applicant provides further information) there is no inventive step 
in selecting one of several known alternative carrier systems. 

Note that exemplary immunostimulatory sequences are found in D1 (itself a late- 
published document), Table 1 , where it is said that those sequences were known 
from earlier applications [those latter are therefore normal prior art and may be 

introduced later should need be]. 

See also D2, page 7, in particular line 35, about anti-tumour stimulation. 

D4-D5 shed further light on the importance of the CpG rich motifs of Claim 4 - and 
this feature would be obvious to combine with a carrier that is known to be effective 
and which has been used in a similar context with (other) nucleic acid sequences. 

Concerning the compositions of Claims 18-19 it is noted that the cationic molecule is 
known from (i.a.) D3, figure 1 A; and an anti-tumour use is mentioned in column 23. 
The combination with the nucleic acid is currently held to be non-inventive (unless it 
can be shown that the nucleic acid is novel and inventive). 

It is not possible to clearly deduct from the Description what inventive activity the App- 
licant has invested; the teaching appears at first sight to be a mixture of prior art with 
some speculative broadening - and some examples which more or less seem to con- 
firm the state of the art. 

It is supposed that the key feature is the CpG-rich motifs but, as stated above, this 
is not considered to establish the inventive step. 



The Applicant has chosen not to submit any amendments or comments during the 
intemational phase; the statements in Box V about novelty and inventive step have 
therefore been given in the negative. 
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VIII. Certain observations 

Claims: 
1. 

Claims 1-1 7 and 20 refer to methods of treatment, Rule 67.1 (iv) PCT and are not 
acceptable under all national/regional regulations. 

In case of a later European phase, the claims may be redrafted according to the 
Guidelines, C-IV, 4.2. 

2. 

In Claim 1 , the "comprising a complex, said complex" does not add any useful 
information and could preferably be deleted for the sake of clarity. 
See also Claim 7. 

3. 

In Claim 7, the and wherein said administration is for the purpose of stimulating 
said protective anti-tumour cell immune response" seems to be merely a repetition 
of the initial lines of said claim. 

Note that the proviso of Claim 1 regarding the absence of an expressible cDNA insert 
is not present in Claim 7. 

4. 

Claim 12 is unclear in so far as the fragment is not defined. 

Description: 
5. 

The "novel" on page 1 , line 1 , would be implicit (if granted) and should therefore 
be deleted. 
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6. 

On page 1 - and repeatedly on the following pages - reference is nnade to (a) bio- 
logically active molecule(s) in connection with the "connplex". 

However, since the claims refer to nucleic acid sequences with/without an expressible 
cDNA insert, the Description should be limited to this biological molecule. 

[Note that it is not acceptable to enter the search with a limited scope in the ciaims and 
then extend the scope by referring to the Description; in case the Applicant wants a 
broader/different scope he may file a divisional application.] 

7. 

The "incorporated by reference herein" (etc) on page 1 will not be accepted under 
all national/regional regulations, e.g. in a later European phase. 

8. 

On pages 4, 1 1 and 13 reference is made to plasmids which may or may not 
contain an expressible cDNA insert. 
See Vlll:3 (Note) above. 

9. 

The "preferably" on page 5, line 9, should be deleted and the biologically active 
molecule is to be defined. 

10. 

The statements bridging pages 6 and 7 have no clear interpretation. 
11. 

Depending on the future course, some of the cited documents D1 -D6 may have to 
be identified in the Description as relevant prior art;. Rule 5.1(a)(ii) POT. 
The Description should also be restricted to correspond to any later scope that may 
be submitted by the Applicant. 
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Contribution of Plasmid DNA to Inflammation in the Lung 
after Administration of Cationic LipidipDNA Complexes 



NELSON S. YEW, KATHRYN X. WANG, MALGOR2ATA PRZYBYLSKA, REBECCA G. BAGLEY, 
MARGARET STEDMAN, JOHN MARSHALL. RONALD K. SCHEULE, iand SENG H. CHENG 



ABSTRACl^ 

Cationic Ilpid-mediated gene transfer to the mouse lung induces a dose-dependent inflammatory response that 
is characterized by an influx of leukocytes and elevated iev^ of the cytokines interleukin 6 (lL-6), tumor 
necrosis factor ot (TNF-a), and interferon y (IFN-y). Wc have examined the contribution of plasmid DNA 
(pDNA) to this observed toxicity, specifically the role of unmethylated CpC dinudeotides, which have been 
previously shown to be immnnostimulatory* We report here that complexes of cationic lipid GI^7 and un- 
methylated pDNA (pCFl-CAT) instilled hito the lungs of BALB/c mice induced hi^y elevated levels of the 
cytokines TNF-a, IFN-r, n--6, and IL-12 in the bronchoalveolar lavage fluids (BALF). In contrast, HALF f 
animals administered either GL-67 atone or GL-67 complexed with 5jrf-methylated pDNA contained low 1 v- 
% i els of these cytokines. Similar results were observed using a plasmid (pCFl-nuU) that does not express a trans- 

gene, demonstrating that expression <rf chloramphenicol acetyltransferase (CAT) was not responsible f r the 
01 observed inflammation. The response observed was dose dependent, with anhnals receiving increasingly higher 

'm amounts of unmethylated pDNA exhiblttog progressively higher levels of the cytokines. Concomitant with this 

increase In cytokine levels were also elevated numbers of neutrophils in the BALF, suggesting a possible cause- 
and-effect relationship between neutrophil influx and generation of cytokines. Consistent with this proposal 
15 the oh^iervation that reduction of neutrophils in tiie lung by administrHtinn of antibodies against Mac-lof 
f I and LFA-l also diminished cytokine levels. This reduction m cytokine levels in the BALF was accompanied 

1.; hy an increase in transgene expression. In an attempt to abate the inflammatory response, sequences ha the 

■ - pDNA encodmg the motif RRCGYY, shown to be most immunostimulatory, were selectively mutagenized. 

However, instillation of a plasmid in which 14 of tlie 17 CpG sites were altered into BALF/c mice did n t re- 
duce the levels of cytokines in the BALF compared with the unmodifled vector. This suggests that other un- 
methylated motifs, in addition to RRCGYY, may also contribute to the inflammatory response. Together, 
these'flndings indicate that unmethylated CpG residues in pDNA are a major contributor to the induction of 
i specific proinflammatory cytokines associated with instillation of cationic lipid:pDNA complexes int the lung. 

Strategies to abate this response are warranted to improve the efficacy of this nonviral gene deUveo' vector 
system for the treatment of chronic diseases. 



m 
m 

3^ 



OVERVIEW SUMMARY sponse to reports implicating the possible involvement of 

CpG motifs in pDNA, we examined the effect of iftstflling 

&J In an attempt to understand the basis for Uie tiiglier lerd uamethylated and CpC-mcthylated pDNA into longs ef 

^1 of toxicity observed in CF patients who received aerosolized BALB/c mice. Results of our studies demonstrated that un- 

|f complexes ofcationictipid:pONA, compared with those who methylated, unlike CpG-methylated, pDNA didted the 

M received liposomes alone, studies were conducted to exam- presence of highly elevated levels of several proinflamma- 

g ine the rde of pDNA in inflammation of the lung. In re- tory cytokines In the BALF of treated animals. As reduc- 
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don of this inflammatory response in the lung led to en- 
hanced Iransgene expression, attempts were made to abate 
this response through direct modification of the pDNA vec- 
tor by site-directed mutagenesis. However, altcrating sev- 
eral of the CpG motifs RRCGYY, shown previously to be 
most imiDunostimulatory, did not^gnincanti}' abate the ex- 
tent of the observed biflammatory response. These results 
suggest that a greater understanding of the basis of CpG- 
mediated inflammation of the lung needs to be attained. It 
is hoped that with improved understanding of this process, 
a much less toxic and more eflicadous gene delivery vector 
system could be derived for use iu the treatment of chronic 
lung diseases. 



INTRODUCTION 

SIGNIFICANT EFFORTS arc Ongoing to develop both viral and 
nonviral gene delivery systen^ for the treaanent of inher- 
ited genetic disoiders, such as cystic fibrosis (CF). An advan- 
tage of using ntmvical vecti>re for gene therapy is the absence 
of an often robust immune response to viral vector-encoded 
antigens (Yang ct al, 1995; Scbenle et ai, 1997). Although 
catinnic lipid-mcdiated gene transfer has been shown in clini- 
cal trials to be generally safe, it is not without some overt 
toxicity. We have previously demonstrated dcse-depcndent 
pulmonary inflammation after instillation of a complex of 
catiooic lipid GL-67, neutral colipid DOPE (diolcoylphos- 
phatidylethanolamine), and pDNA into the lungs of BALB/c 
mice (Scheule «f at, 1997). The inflammalion was charactCT- 
ized by an influx of leukocytes (predominantly neutrophils) and 
increased conccntnsllons of the proinflammatory cytoldnes in- 
terlenkla 6 (IL-6), mmor necrosis factor or (TNF-a), and inter- 
feron 7 (IFN-'y) in the bronchoaiveolar lavage fluid. Histopatho- 
logical analysis uf lung sections from mice treatied with the 
individual components of the complex suggested that the 
cationic lipid was die major mediator of the observed inflam- 
mation (Schculc etal., 1 997). However, results of clinical stud- 
ies in which CF subjects were subjected to cither aerosolized 
liposomes (GL-67:DOPE) alone or cationic lipid:pDNA com- 
plexes indicated that bacterially derived pDNA may also be 
inflammatory (Alum et ai, 1998). Each of the cationic 
Upid:pDNA-ln;ated patients, but not the liposorae-treated con- 
trols, exhibited mild flu-like symptoms (including fever, myal- 
gia, ajid a reduction in FEV| of approximately 15%) over a pe- 
riod of approximately 24 hi*. One possible explanation for this 
response may be related to the presence of unmediylated CpG 
dinuclcotidc sequences in bacterially derived pDNA (Krieg er 
aL 1995; KlLnnian et ai. 1996; Sato et aL 1996) 

Compaitd with DN A of eukaryotic origin, bactcnul genomic 
DN A contains a 25-fold higher frequency of the dinucleotide 
sequence CpG. In addition, unlike eukaryotic DNA, in which 
approximately 80% of the cytosines arc methylated, DNAs of 
prokaryoric origin arc relatively unmcthylated (Bird. 1993). 
These differences purponediy allow the vertebrate immune sys- 
tem to recognize and respond to foreign DNA of bacterial ori- 
gin. In this regard, administration of genomic bacterial DNA 
into an eukaryotic host has been shown to be capable of «Hrjt- 
ing a potent tmniunostimulatory response, activaling B cells, 
natural killer (NK) cells, and macrophages (Krieg er at, 1995; 
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Ballas et aL, 1996; Sparwasscr et al. 1997). Systematic analy- 
sis indicated Uiat those sequences harboring the CpG motif 5*- 
RRCGYY-a' wete particularly potent at inducing these re- 
sponses (Krieg et al, 1995). That these effects were a 
consequence of ihc mcthylation status of the CpG dinucleotide 
sequences was demonstrated by experiments showing that ad- 
minislrdtion of either bacterial genomic DNA or synthetic 
oligonucleotides bearing the RRCGYY sequence that had been 
premethylated with CpG methylase were significantly less im- 
munostimuiatory (Schwartz et al., 1991). 

Sine© plasmid DNAs used in gene transfer studies are in- 
variably isolated ftom bacterial sources, and because they also 
necessarily harbor bacterial sequences for propagation in this 
host, they contain a high frequency of unmcthylated CpG Re- 
quences. The presence of such motifs in pDN A has been shown 
to be capable of stimulating a robust helper T cell type 1 re- 
sponse in either transfeoed monocytes or injected BALB/c mice 
(Sato et aL, 1996; Roman et al,, 1997). As such, they may con- 
tribute to dusir effeaivcncss as DNA vaccines (Lipford et al, 
1997; Wdner et al, 1997; Davis et aL, 1998; Sparwasser et aL 
1998). However, such a re.<{ponse is undesirable for their use in 
the production of thaapeudc gene producLs. Of particular con- 
cern for delivery of genes to the lung was the demonstration 
that bacterial genomic DNA or oUgonuclcoiides containing im- 
munostimulatory Q»G moiif s caused inflammation is the lower 
respiratory tract, increasing both cell mimbcrs and elevated lev- 
els of the cytokines TNF-a. lL-6, and macrophage ioHaroma- 
tory protein (MIP-2) (Schwartz et oL, 1997). 

In diis study we examined die contribution of die pDNA 
conq>onent of die cationic lipidipDNA complex to the inflam- 
mation that we have observed on administration of the complex 
to the lung. The goal was to identify which components of the 
inflammatory response arc elicited specifically by pDNA, and 
to try to reduce those responses by direct modification of the 
DNA sequence. 



MATERIA!^ AND METHODS 

Construction and purification of plasmid DNA 

The construction and characterization of the plasmid vector 
pCFl-CAT encoding the reporter gene product chlorampheni- 
col acetyltransferasc (CAT) has been described prt^ously 
(Yew et aL 1997). pCFl-CAT contains the strong promoter 
fmm fhr human cyuirocgalox'irun (CMV) immcdiatc-cnrly gene 
an iatron, the bovine growth hormone polyadenylation signal 
sequence, a pUC origin, and the aminoglycoside 3 ''phospho- 
transferase gene that confers resistance to kanamycin. pCFl- 
null is analogous to pCFl -CAT except that the cDNA for CAT 
wa.<i deleted. pCFA-299-CAT was constructed by digcsdiig 
pCFA-CAT (identical to pCFl-CAT except for the addition of 
a .small polylinker 5' of the CMV promoter) with /'mel (in the 
polylinker) and Bgli (in CKfV), blwiliug the ends with the 
Klenow fragment of DNA polymerase I, then religating. This 
results in deletion of nucleotides -522 to —300 (relative to the 
iranscripuon start site) of the CMV promoter. 

Site-directod mutagenesis waa performed uairig Uic 
QuickChonge site-di/ected mutagenesis kit (Stratagene, La 
Jolla. CA). following the protocol described by the inanufac- 
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nirer. One modification was that multiple sets of oligonu- 
cleotides were used simultaneously, allowing mutagenesis of 
three or more sites in a single reaction. The mutations were con- 
firmed by extensive DNA sequencing and restriction enzyme 
mapping to check for plasmid integrity. pCFA-299-10M-CAT 
is deleted of the CpG motifs at nuclcoUdes 88, 118, 141, and 
224 (number refers to the C residue within the CpG dinucleotide 
except where indicated and is based on the pCFl-CAT se- 
quence; see Fig. 5), and contains 10 point mutations at nu- 
cleotides 410, 564, 1498 (G to A), 1887. 2419, 2600, 2696, 
3473, 4395 (G to A), and 4551. 

Plasmid DNA was prepared by bacterial fermentation 
ajid purified by ultrafiltration and sequential column chro- 
matography essentially as described pre\iously (Lee et al„ 
1996; Scheule et aL, 1997). The purified preparations con- 
tained less than 3 endotoxin uuilai/mg of pDNA aa docermined 
by a chTomogcnic Umuius ameoocyte lysaie (LAL) assay 
(BioWhittaker. Walkersville, MD), less than 10 Mg of P»"«- 
teio/mg of pDNA as determined by the micro-BCA assay 
(Pierce, Rockford, IL). and less than 10 fig of bacterial chro- 
mosomal DNA/mg of pDNA as determined by a dot-blot as- 
say. They were also essentially free of detectable RNA and 
exhibited spectrophotoractric A26oaso ratios of between 1 .8 
and 2.0. 

In vitro methyianon ofpDNA 

Plasmid DNAs were med)3'lated in vitro in a 5-nil iieaction 
containmg ix NEB buflTer 2 (50 luA/ NaCl. 10 mM Tris-HCI 
lpH7.9], lOmMMgai, I mAf dilhiothieitol), 160/iAf S-odcno- 
syknethionine (SAM), 1-3 mg of pDNA, and 1 U of Sssl meth- 
ylase (New England BioLabs, Beverly, MA) per microgram of 
pDNA. The mixture was incubated at 37*0 for 18 hr. Addi- 
tional SAM was added to a concentration of 160 fiM after 4 hr 
of incubation. Mock treatment of pDNA used the same proce- 
dure except that the Sssl inelhylase was omitted. Methylated 
and mock-trcaled pDNA was ccnirifuged through a Milliporc 
(Bedford. MA) Probind column, elhanol precipitated, and 
washed with 70% (v/v) ctlianoJ. The pDNA was rcsuspended 
in water to a final concentration of greater than 3 mg/ml. In ex- 
perimenu to examine the effects of .Vjril-mediated methylalion 
of pDNA, mock-methylated pDNA was always used as a con- 
trol. 

The extent of pDN A methylation was assessed by digesting 
0.2-0.5 /ig of the treated pDNA with 10 U of BstUl or Hpall 
for I hr, tlien analyzing the pDNA by agarose gel elec- 
trophoresis. Methylated pDNA was protected from BstV} and 
HpaH digestion whereas unmcthylated or paitially methylated 
pDNA was cleaved. Gel analysis showed that the methylated 
pDNA was completely protected from either BstXJl or HpaH di- 
gestion. 

Nasal instillation of cationic lipid:pDNA 
complexes into mice 

The cationic lipid: pDNA complexes were formed by mix- 
ing equal volumcfi of GL-67:DOPE (1:2) with pDNA as de- 
scribed previously (Lee et at., 1996) to a fmal cnncentraticm 
of 0.6:1.2:3.6 mAf (GL-67:DOPE:pDNA) or 03:0.6:1.8 mAf, 
as indicated in the figure capuons. The DNA concentration is 
expressed in terms of nucleotides, using an average nucleodde 
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molecular mass of 330 Da. BALB/c mice were instilled in- 
tranasally with 100 pX of complex as described (Lcc et aL 
1996; Scheule et aL 1997). The animals were euthanized and 
their lungs were lavaged 24 hr postinstillation using phos- 
phaic-buffen^ saline (PBS). The recovered bronchoalveolar 
fluids (B ALFs) were centrifuged at 1500 rpm for 4 min, and 
the resulting supernatants were removed and frozen at -80°C 
for subsequent cytokine analysis. The cell pellets were rcsus- 
pended in PBS for microscopic determination of cell number 
and types. 

Histopaihology 

Lungs were fixed by inflation at 30 cm of water pressure 
with 2% paraformaldehyde and 0.2% glutaraladehydc. Repre- 
sCTitafivft samples were taken from each lung lobe, embedded 

*.i.r^.^i mAtharv^infr c^^ion^H. utid jstaincd with hematoxylin 

•***'"*'""^"""» - 

and eo.sin. Histopathology on the lung was evaluated in a 
blinded fai^hion and graded subjectively using a scale of 0 to 4, 
where a score of 0 indicates no abnormal findings and a score 
of 4 reflecU severe changes with intense inliltrates (Scheule et 
aL 1997). 

Inhibition of neutrophil influx 

Neutrophils influx into the lungs of BALB/c mice was iii- 
hibited by systemic administration of a combination of anti- 
bodies against Mac-la and UFA-l as described previously 
(Scheule et at, 1997). Ihc monoclonal antibody recugui2.1ag 
murine Mac-Ia (clone Ml/70; ATCC TIB 128) was gener- 
ated from ascites and that recognizing LFA-1 was obtained 
from R&D Systems (Minneapolis. MN). Briefly, to inhibit 
neutrophil influx, 100 yil of a mixture containing 40 pX of 
Mac-la ascites fluid and 40 /il of anti-LFA-1 antibody was 
injected by tail vein into the mice approximately 1 5 min prior 
to administration of the cationic lipidrpDNA complex. Mice 
were sacrificed at various linie points postinsiillalioa, their 
hings lavaged, and the resulting BAUF analyzed for cytokine 
levels and cell counts. 

Cytokine and CAT activity assays 

Cytokine levels in the mouse BALF were quantitatcd using 
enzyme-linked inununosorbent assay (ELISA) kits as specified 
by Uie manufacturers. IFN-y. TNF-a, DL-la, IL-ip. IL-10, and 
IL-6 EI.ISA kits were from Gcniyme (Cambridge, MA); 
murine KC (mKC), MIP-2, and granulocytc-roaciophagc 
colony-stimulating factor (OM-CSF) EUSA kits woe from 
KSd) Systems, and the leukolriene B* EUSA kit was from 
Pcrseptive Diagnostics (Cambridge, MA). 

Our procedures for processing the lung tissues and assay of 
CAT enzymaric activity have been described elsewhere (Lee et 
at, 1996; Yew 6/ fl/., 1997). 

Statistical analysis 

Data were analyzed by the two-tailed unpaired Student's. f 
test, using the StatView .software program (SAS Insdtutt, Cary, 
NC). Data were considered to be stadstically significant if p 
was less than 0.05. 
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RESULTS 

In vitro methylation of plasmid ON A 

The plasmids used in these sluthes were highly purified aiid 
contained predominantly the supercoiled foi-m, less than 1 en- 
duKiAin uiUVmg of plasmid. and were free of infectious con- 
taminants as determined using a bioburden assay. To assess the 
role of methylation of CpG diniicleotidcs in the plasmid DNA 
on lung mflanunation, the purified pDNAs were cilher meth- 
ylated or mock methylated in v'Uro using Escherichia coli Sssl 
mcthylase. This enzyme methylates the cytosinc iisiduc (C5) 
within all CpG dinucleotides. Tbc extent of mctbylataon was 
assessed by monitoring the susceptibility of (he modified p!as* 
mids to digestion by BstVX or HpaH but not MspX. All Ss&l- 
mcthylatcd but not the mock-methyJatcd plasmids were com- 
pletely protected from digestion with BstVl and HpaiX (data 
not shrtum). Mcthylatioa of pCFl-CAl' also resulted in an ap- 
proximately fivefold reduction in expression levels following 
intranasal administratioD into lungs of BALB/c mim- (see be- 
low). 
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Cytokine profiles in bronchoalveolar lavage fluid after 
administratian ofcalianic lipid:pDNA complexes 
harboring either methylated or unmethylated pDNA 

The 5.«I-methyIated (m)pDNA or unmethylaicd pDNA was 
complexed with Ihccafionir lipid CL-67: DOPE (heroin rcforrod 
to as GL-67) and then instilled intranasally into BALB/c mice. 
Separate groups of mice were instilled with either (m)pDNA or 
unmethylated pDNA alone, or vehicle, and dieir bronchoalve- 
olar lavage fluids collected for analysis at 24 hr posltreatment. 

To deteiznlne whether methylation of pDNA afTucted the in- 
flammatory response in the lungs, we measured the levels of 
several dtffeient cytokines in the BALV 24 hr after instillation. 
Significantly higher levels of TNF-«, IFN-y, and to a lesser ex- 
tent IL-6, were found in the HALF of mice that received GL- 
67:pCFl-CAT when compared with tliose administered GI>- 
67:(m)pCFl -CAT (Fig, !}. Levels cf niuriue KC were also 
elevated following insnllution of the caiionic UpidrpDNA com- 
plexes but there was no significant difference in tbc levels of 
the cytokine induced by eidtci nieihylated or tuimelhylated 
pDNA complexed with G1^67. In contrast low levels of diese 




FIG. 1. Cytokine analysis of mouse B ALF after instillaiinn of GL-67 complexed with metliylated or unmediyiaicd pCFl-CAT. 
BALB/c mice were instilled imranasalJv with 100 ^d of GL-67:(m)paFl-CAT, GL-67:pCF1-CAT, GL-67 alone. (m)pCFl-CAT, 
pCFI-CAT. or vehicle (water). BALF was collected 24 hr after instillation and EUSAs were used to measure the levels of var- 
ious cytokines. (m)pCFl-CAT refers to pCFl-CAT that had been methylated by Sssl mcthylase. Data are expressed as means i 
SEM. /J « 3 animals per group. V < 0.05, **p < O.OI compared widi GL-67:(m)pCFl-CAT. 
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four cytokines were present after instillation with GL-67 alone. 
<Tn)pCFl-CAT alone, or uninethylatcd pCFI-CAT aJone (Fig. 
1). AJthougb ihe levels of TNF-a, JPN-y, and 0^6 were low 
10 the BALF of animaJs treated with free pDNA compared with 
complexed pDNA, the levels of these cytokines were invari- 
ably higher in the group that received free unmeihylaied pDNA 
a)one than in the group administered (in)pCFl-CAT. Wc also 
assayed for IL-lO. Icukotrienc B4. ll^Wt n>-lff, and GM-CSF 
but in each case the levels were low and indistinguishable from 
those attained in naive animals (data not shown). These rcsulLs 
indicated that unmeUiylatcd pDNA alone was weakly inflain- 
matory in Ihe lung but that this response was exacerbated ^cn 
the pDNA was present in a complex with GU67. Furthermore, 
of the cytokines induced by administration of GL-67:pCFl- 
CAT con4>iexes to die lung, TNF-a, IFN-7, and a proportion 
of the IL-6 were primarily due to the presence of unmethyUted 
pDNA. Tne cationic lipid GL-67 did not coxiif ibuic signi ficaniiy 
to the cytokine jnduaion in the BALF v^th the exception of 
mKC, where it appeared to work in concen with pDNA to in- 
crease its, level. 

The character of the inflammatory response induced by GL- 
67:pCFl -CAT was also evaluated by measuring the total num- 
ber of cells and the differential ccU counts recovered in the 
BALF of the Ucated aniraaU. Elevated numbers of cells were 
present ill the BALF of mice that were instilled with GL- 
67:pDNA compared with mice that received eidier GL-67 alone 
or pDNA alone (Fig. 2A). The mpihybrion status oi the pDNA 
in the GIr67:pDNA complex did not significantly affect the 
overall cell number. However, animals adounistered (ni)pCFl- 
CAT alone (three separate experiments) consislcndy showed a 
slight but not statistically significant reduction in the total num- 
ber of cells in comparison w-ith those that received pCFl-CAT. 
An analysis of the diffcrtnit cell types showed an increased pro- 
portion of neutrophils in mice that received GL-67:pCFl-CAT 
compared widi mice that received GL-67:(m)pCFl-CAT (Fig. 
2B). This increase was also observed after instillation of pCFl- 
CAT alone compared with (m)pCFl-CAT alone. Together, 
these data indicate that the induction of cellular influx was me- 
diated by both the cationic lipid and pDNA. However, admin- 
istration of unmethylated pUNA rather than methylated pDN A 
into the lung can result in an increase in the proportion of neu- 
trophils in the BALF. 

Since pCFl-CAT expnssses high levels of the CAT reporter 
enzyme, wliich is a bacterial protein, tiiere was the possibility 
that the cytokine response was due to the expression of the for- 
eign protein. Therefore these experiments were repeated using 
a plasmid vector that contained the same plasmid backbone hut 
lacked any transgene (pCFl-nuil). The cytokine induction pro- 
file after administration of methylated or unmclhylated pCFl- 
nul! complexed vwth GL-67 was essentially identical lu that at- 
tained with pCFJ-CAT (data not shown). Tlus confirmed that 
the plasmid DNA itself and not expression of the bacterial CAT 
was responsible for the observed cytokine induction. 

Dose-dependent relationship between unmethylated 
pDNA and cytokine levels 

To detennine whether there was a dose-dependent relation- 
ship between the amount of unniethytated pDNA administered 
to the lung and the levels of induced cytokines, (m)pCFl -CAT 
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FIG. 2. Total cell counts (A) and proportion of noitrophils 
(B) in BALF after administration of cationic lipidrpDNA com- 
plexes. BALB/c mice were instilled iatranasally with 100 /J 
of GL^7:(m)pCFl-CAT, GL.67:pCFl-CAT. GL-67 aloije, 
(m)pCFl -CAT. pCFl -CAT, or vehicle. BALF was coUected 24 
hr postinstillation and rotui celk and ihe different cell types 
were counted. (m)pCF! -CAT refers to pCFl -CAT that had been 
methylated by Sssl methylase. Data are expressed as means 
SEM. n = 3 animals per group. *p < 0.05 compared with GL- 
67:(m)pCFI-CAT or (m)pCFl-CAT. 

wus mixed with pCFl-CAT at different ratios before complex- 
ing with GLr67. The dose of GL-67 and the total amount of 
nucleotides delivered remained constanL In this expoimcnt 
MIP-2 and IL-I2 were assayed in addition to TNF-at, IFN-y, 
IU6, and mKC. As the proportion of unmediylated pCFl-CAT 
in the complex increased, there was a corresponding increase 
in the levels of TNF-o. IFN-y, 11^6, and n.-l2 (Fig. 3). Widi 
IFN-% lL-6, and IL-12, die stimulated inccrasc in cytokine lev- 
els plaleaued when the rado of methylatednmmediyUted pDNA 
was 1 :2. This dose-dependent relationship supports the proposal 
that the induction of TNF-o, IFN-y, tt^, and IL-12 in tlw 
BALF was in direct response to the presence of unrntihylaJed 
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pDNA. This Ircnd was not observed for either mKC or MIP-2 
(Hg. 3), consistent with the observations above (Fig. 1). 

Histopcuhological changes in the lung after 
administration of calionic lipid: methylated 
pDNA complexes 

The histopathologicai changes within BALB/c mouse lungs 
following adtniniscration of either cationic lipid alone, pDNA 
alone, or cationic ]ip)d:pDNA complexes were also examined. 
BALB/c mice were instilled intranasally with GL-67:(m)pCFl- 
CAT» GL-67:pCFl-CAT, GL-67 alone. (m)pCFl-CAT, pCFl- 
CAT, or watex (vehicle control). Mice were saciificcd 2 days 
postinstiliadon and the lungs were processed for histological 
examination in a blinded manner. Consistent with our previous 
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findings (Scheule et al, 1997), multifocal areas of alveolar in- 
flammation were observed in mice that received GL-67:pDNA 
complexes. The extent of lung inflammation was graded using 
a scale from 0 to 4, with 0 iudi eating no abaoimalities. 1 indi- 
cating a minimal change. 2 a miJd change, 3 a moderate ciunge, 
and 4 reprcifenling severe changeN form a normal lung (Fig. 4). 
There was no signiriciint difference in tlie inflamniatiun score 
of lungs that received OL-67:pDNA compared with lungs that 
received GL-67:{m)pDNA complex. Lungs that received GU 
67 alone were scored slightly lower than lungs that received 
lipid:pDNA complex* while minimal inflammation was ob- 
served in lungs that received either pDNA or (m)pDNA alone. 
These results indicate that the presence of unmcthylaied CpG 
motifs in the pDNA did not significantly affect the histopatho- 
logical changes observed in tlie lung after administration of 
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FlC 3, Cytokine analy.-iis of mouse DALH after iostillation orOL-67 coniplcAcd witli juixtuics of methylated uuU umuethylaecd 
pCFI-CAT. ^jjl-mcthylated pCFl-CAT was mixed with unmethylated pCTl-CAT at ratios of 0;3, 1:2. 2:1, or 3:0 f(m)pCFl- 
CAT:pCFl-CATI, then complexed with GL-67 to fmai concentration of 0.3:1.8 mAf (GL'67:pDNA). BALB/c mice were instilled 
intranasally with 100 /tJ of GL-67:pD.NA complexes and BALF was collected 24 hr after instillation for cytokine assays. Naive 
animals were treated with vehicle, (m). Methylated pCFI-CAT; (u«), nonmcthyiaicd pCFl-CAT. Pata arc expressed as means ± 
S£M. /i = 3 animals per group. 
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FIG. 4. Histopathological analysis of BALB/c mouse lung 
sections following administration of CL-67 complexcd with 
methylated or unmcthylaied pCFl-CAT. BALB/c mice were in- 
stilled intnmasally with 100 ^ of GL-67:(m)pCFl-CAT. GL- 
67:pCFI-CAT, GL-67 alone, (m)pCFl-CAT. pCFl-CAT. or 
vehicle. Groups of three mice were sacrificed 2 days postin- 
stiUation and the lungs were processed for histological exami- 
nation in a blinded manner. Lung inflammation was graded on 
a scale of 0 to 4, with 0 indicating no change, \ a minimal 
change, 2 a mild change, 3 a moderate change, and 4 indicat- 
ing a severe change from a nonnal lung. (m)pCFI-CAT refers 
to pCFl-CAT that had been melhylatcd by Sssl methylase. Dau 
are expressed as means ± SEM. 



cationic lipid:pDNA complexes. Furthermore, as reported pre- 
viously, the majority of the histological changes observed on 
administrabon of the complexes was mediated by the cationic 
lipid component (Scheule et al., 1997). 

Effect of mutating immunostimulatory CpG nwtifs 
within pCFJ-CAT 

If a subset of the unmethylated CpG dinucleotides present 
in pCFl-CAT was responsible for the majority of the cytokine 
responses, then ditnination of thcae portioular CpG motifc m»y 
reduce the level of induction. There arc 1 7 motifs in pCFl-CAT 
having the sequence 5'-RRCGYY-5', which have been previ- 
ously shown by Krieg et ai (1995) to be tlie sequence context 
in which die CpG motif was found to be most immunostimu- 
latory (Fig. 5). Fourteen of these motifs were eliminated by ci- 
ther deletion or site-directed mutagenesis. The four CpG mo- 
tifs located within the CMV promoter (at nucleotide positions 
88, 1 18, 141, and 224) were removed by deletion of a 400-bp 
frugment containing a portion of the upstream enhancer region, 
to create pCFA-299-CAT (Fig. 5). Ten of the 1 3 remaining mo- 
Hfs (at positions 4 10, 564, 1497, 1 887. 2419, 2600, 2696, 3473, 
4394, and 4SS1) were modified using site-dirccted mutagene- 
sis to create pCFA-299- 1 OM-CAT (Fig. 5). The cytosine residue 
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in each motif was mutated to a thymidine, with the exception 
of nucleotide 1497 within the coding sequence for CAT. and 
nucleotide 4394 within the Icanamycin rcsisUnce gene. With 
these two motifs, in order to preserve the coding sequence 
for the respective proteins, the guaotdine residue of the Q>G 
dlnucleotide was changed to an adenosine residue. We were 
unable to mutate the residue at nucleotide 2789, which is 
located whhin the proximity of the origin and that we specu- 
late may be essential for plasmid replication. 

The plasmids pCFI-CAT, (m)pCFi-CAT, pC3'A-299-CAT, 
and pCFA-299-I0M-CAT were complexed with cationic lipid 
01^67 and then mstilled intnmasally into BALB/c mice. Twenty- 
four hours aAer instiUation, HALF was collected for cytokine 
analysis and the lungs harvested for CAT assays. Expression from 
pCFA-299-CAT, containing the truncated CMV promoter, was 
approximately one-third that of pGFl-CAT (Fig. 6). The expres- 
sion from pCFA-299-10M-CAT was equivalent to that from 
pCFA-299-CAT, indicating that the introduction of the 10 point 
mutations did not affect cransgene expiession (Bg. 6). As before, 
high levels of TNF-a, IFN-y, IL-^, and IL-1 2 were presert in die 
BALF of mice that received unmethylated pCFl-CAT (Fig. 7). 
However, equally high levels of these cytokines were also ob- 
served with pCF A-299-CAT and pCFA-299- J OM-CAT. There- 
fore, reducing the content of CpG motifs within the plasmid did 
not reduce its ability to elevate cytoldne levels in the lung. This 
suggests that removal of other inomunostimulatory motifs in ad- 
dhion to tliose harboring ttie consensus 5'-RRCGYY-3' may be 
necessary to abate the innanunatoiy response. 

Effect of inhibiting neutrophil influx and cytokine 
activation in the lung on CAT expression 

Although mutation of the plasmid vector was ineffective at 
reducing the inflammation in the lung, we have previously 
shown that injection of antibodies against Mac- la and LFA-1 
can limit the influx of neutrophils and induction of TNF-a 
(Scheule er id., 1997), This method was used to determine the 
effect of reducing the inflammatory response on CAT expres- 
sion. Mice were injected via tlic tail vein with a mixture of the 
two antibodies just prior to instiUation of GL-67 rpCFl -CAT 
into the lung. Cell types and cytokines in the BALF were as- 
sayed 24 hr postinstillalion and CAT activity in the lung was 
assayed on days 2 and 7 postinstillation. In mice that were pre- 
treaied with the antibodies, there was a significant decrease in 
the number of neutrophils in the BALF as well as decreased 
levels of TT4F-a, IFN-7, and IL-12 (Fig. 8). Concomitant with 
this decrease in cytokine levels was a greater than fourfold in- 
crease In CAT cAf/i^cMJon on day 2 ponLinstillatton (Fig. 9) Ap- 
proximately equivalent levels of CAT wcir present on day 7. 
These findings .suggest that by reducing the neutrophil influx 
and cytokine induction in the lung a significant eobancemenl 
in transgenc expre.<tsion could be attained. 



DISCUSSION 

Presence of unmethylated CpG dinucleotides in 
plasmid DNA is inflammatory in the lung 

In this smdy we have shown that plasmid DNA contributes 
significantiy to the cytokine rc.sponsc observed following ad- 
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FIG» S, RRCGYY CpG motifs present Ui pCFl-CAT. The 
motifs having the sequence 5'-RRCGYY-3' are shown. Num- 
bers in parentheses indicate the nucleotide position of the cy- 
losinc residue, Kan R, kanamycin resistance gene; CMV, cy- 
Unregalo virus promoter; CAT. cDNA for chloramphenicol 
acetyltrwsferase; BGH Poly A, polyadeuylaiion sequence from 
bovine growth hormone gene. 



ministraiion of catiooic lipid:pDNA complexes to the ]ung. 
Most of the increase in the levels of TNF-or, IFN-% 0^12, and 
IL-6 and a proportion of the ceiiular influx observed in the 
BALF following delivery of cationic hpid:pDNA con^>]exes 
was shown to be attributable to the pDNA. Hie basis for this 
inflammatoty response was deterniincd to be due to the pres- 
ence of unmethyktcd CpG dinucleotides in the pDNA. The in- 
volvement of the CpG dinucleotides was implicated from ex- 
penxnents demonstrating that the inflammatory response could 
be abated by metliylating the pDNA with a CpG methylase. 
Rothermore, a dose-response relationship was attained be« 
tween the amount of unmethyiated pDNA used in the iostilla- 
tion and the levels of cytokines induced. These results are con- 
gruent with previous reports using bacterial genomic DNA and 
synthetic oligunucleorides, indicating that unmethyiated CpG 
motifs are capable of eJiciting an acute inflammatory' response 
in the airways (Schwartz et at, 1997). Activation of a similar 
cytokine profile by CpG dinucleotides has also been reported 
in lymphocytes (Kl'mman et cd., 1996), murine dendritic cells 
(Sparwasscr et at, 1998), macrophages (Lipford e( ai, 1997), 
monocytes (Sato et at., 1996), and NK cells (Cowdery et ai, 
1996). 

One study also reported that complexes formed between 
the cationic lipid DOTMA (yV-fl-(2.3-dioleoyioxy)propyI]- 
/VXA^-lrimethyiammonium chloride) and pDNA enhanced 
cytokine and cellular levels in the BALF of treated animals 
(Freimart er al., 1998). Our resulis concur in several re- 
spects, but there are some differences. Unlike Frcimark cr 
at. (1998), who noted that only [L-12 was induced by un- 
methyiated pDNA. we observed that TNF-ot, IFN-y, IL-12, 
and to a lesser extent IL-6 were all affected. In addition, ad- 



ministradon of the cationic lipid OOTMA by itself induced 
elevated levels of TNF-a whereas administration of GL-67 
alone did not. Tills discrepancy may be due to the differing 
nature of the interaction of tlie cationic lipid with the cell. 
DOTMA differs from GL-67 in chemical structure and 
change density, and in it^ toxicity profile. 

Both cationic lipid and pUismid DNA contribute to 
inflammation in the lung 

Induction of the inflammatory response by unmethyiated 
pDNA was significanlly exacerbated on complexing with a 
cationic lipid This enhanced response was likely due to in- 
creased cellular uptake of the pDNA by the cells. Consistent 
with this proposal is the obscrvadon that CpG oiigonucleoddcs 
covalentiy linked to a solid support such that they are no longer 
internaliicd, are nt^nsiissulatGry (Krieg rf at, \99$\ Kricg, 
1 QQf ) TTUM«etiu£^y, although cytokine Jovda wxrc gr&atly el- 
evated on administrution of GL-67;pDNA compared with GI/- 
67:(ra)pDMA, the histopathological changes associated with ci- 
ther complex were not significantly dissimilar. This suggests 
that the toxicity mediated by the cationic lipid component and 
that by the pDNA rruiy be partly distinct. The cationic lipid, by 
virtue of its amphipathic nature, was probably responsible for 




FIG. 6. Relative levels of CAT expression following methy- 
lalion or mutagenesis of pCFl-CAT. BALB/c mice were in- 
stilled intrana&alJy with 100 pa of GL"67;pCFl-CAT, GL- 
67:(m)pCFl-CAT. GL-67 :pCFA-299-C AT. or GL-67:pCFA* 
299-lOM-CAT. pCFA-299-CAT harbors a partial deletion of 
the CMV promoter and pCFA-299-10M-CAT, an additional 10 
mutations at CpG sites harboriog the sequence motif RRCGYY. 
(m)pCFl-CAT refers to pCFl-CAT diat had been methylated 
by ^mI methylase. Lungs were harvested for CAT analysis on 
day 2 postinstiUaiion. Data arc expressed as means ± SEM. 
« = 3 aninmls per group. 
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FIG. 7. Cytokine analyftis of mouse BALF afler jnstillation of CL-67 complexed with pCFI -CAT and modified forms of pCFl' 
CAT cootainjxig reduced numbers of CpG modfs. BALB/c mice were instiDed intrana^aUy with 100 GL-67:pCFl-CAT, 
GL-67:(ni)pCF)-CAT. GL-67:pCFA-299-CAT, or GU67:pCFA-299-10M-CAT. BALF was collected 24 hr after instiUiiiion and 
EUSAs for TNF-a, IFN-y, lL-6, and IH2 were performed. (m)pCFl'CAT refers to pCFl-CAT that had been methylated by 
SssJ methylase. pCrA-299-CAT harbors a partial dclciioD of the CMV promoter and pCFA-299- lOM-CAT, an additional 10 mu- 
tations at CpG sites haiboring the seguence motif RRCGYY. Data are expressed as means :t SEM. n - 3 animals; per group. 



the majority of the physicni damage to the cellular membranes, 
presumably through a detcrgcnt-Iike activity. Pooling of the 
complexes in the parenchyma following the bolus instillation 
into the lung also likely potentiated this effect (Eastman ei ai, 
1 997). In contrast, the induction of cytokines and the increase 
in a proportion of the cellular infiltrates, particularly of neu- 
trophils in the BAIP, were most likely the effect of the pPNA 
component. The concomitant presence of neutrophils and cy- 
tokines in the BALF suggests that the leukocytes may be a 
source of the cytokines. That a reduction in neutrophil concen- 
tration in the BALF by administration of antibodi&s to Mac-la 
and LFA-1 was coincident with a decline in cytokine levels is 
consistent with this proposal. Finally, some of the observed in- 
flammatory responses were likely a consequence of the com- 
plexed cationic lipid:pPNA. Examples uf llic&c include activn- 
tion of the cytokine noKC and recruitment of other cells into 
the BALF, such as macrophages and lymphocytes (Scheule er 
al., 1997), presumably to clear the relatively large particulates 
of complexed cationic lipid:pDNA. 



Implicaiions for use of cationic Upid:pDNA 
complexes in gene therapy 

The observauon in a clinical study of CF subjects (Alton et 
ai, 1998), wherein those who received aerosolized GL-67:pDNA 
prescQCcd more firequcnt and severe adverse symptoms Chan did 
thc^e thai received aerosolized GL-67 alone, i.s consistent with 
pDNA having an inflammatory activity in die lung. Aldiough the 
inflammatory sequelae of aerosolized GL*67:pDNA in the CF 
subjects was mild and transient, it is clearly undesirable and pos- 
sibly limiting for the long-term treatment of chronic diseases such 
wi CF, Current plasmid expression vectors are only c&pable of 
facilitating transient expression in the lung, making frequent re- 
peat administrations of the cationic lipid;pDNA complexes nec- 
essary (Lxc ct aL, 1996; Y»w mt al, 1997). StratesVK tn reduce 
this inflammatory response and approaches to effoci longer tenn 
persistence of expression from pDNA vectiHS are clearly neoes- 
san' for this gene d^vcry vecujr system lo be viable and efii- 
cactous in the treatment of chronic diseases. 
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FIG. 8. Effect of inhibiting neuUDphil influx .on cytoldne levels in the HALF of 6 ALB/c mice. Animals were injected via the 
tail vein with a mixture of antibodies aginst murine LFA-1 and Mac-J or approximately 15 min prior to instiilacion of GL-67:pCPl- 
CAT into the lung. Mice were sacrificed 24 hr postinstiUation and BALF was coHecCed for ceil counts and cytokine quantitation. 
Control mice received no antibody prior Co instillatioo of complex, or were instilled with water (Vehicle). Ab refers to group that 
had been treated with the antibodies. Data are expressed as means SEM /i » 3 animals per group. *p < 0.05 compared with 
Ab + complex. 



The generation of elevated levels of cytokines in the BALF 
also has consequences for expression of the therapeutic protein. 
Several viral promoters (such as the CMV promoter) commonly 
used in gene delivery vectors are subject to suppression by ia- 
flanmiatory cytokines (Gribaudo et ai, 1993; Harms and Split- 
ter, 1995; Qin et a/., 1997). Funherraore, any uddiiional in- 
flanunation or reduction in lung function in patients chat already 
exhibit chronically inflamed, compromised airways rcpresents 
an increased safety risk. For CF and other inherited genetic dis- 
orders, another consequence of the presence of immimostimu- 
latory CpG motifs maybe the increased likelihood of develop- 
ing neutralizing antibodies to the therapeutic transgeoe (Sato e/ 
al., 1996; Davis et at., 1998). This is particularly peitineni in 
subjects harboring either null mutations or mutations that result 
in the generation of a severely altered variant. Eliminating the 
adjuvant effect of the immunostimulatory CpG motifs would 
again be desirable to reduce this risk. 

Approaches to reduce the inflammatory response to 
unmethylated plasmid DNA 

Given the preceding considerations, strategies to minimize 
the immunostimulatoiy effects of CpG dinucleotides in pDNA 
are clearly wairaated. While melhylation of the CpG motifs 
suppressed the inflammation in the lung, this approach is im- 




Days Post-lnstiltatlon 

FIG. 9. Effect of inhibiting neutrophil influx on CAT expres- 
sion in the lung. BALfi/c mice were injected via the tail vein 
with a mixture of antibodies against murine Ii^A-1 and Mac*la 
approximately 15 min prior to instillation of GL-67;pCFl -CAT 
into ihc lung. Hatdied bars, GL-67:pCFl-CAT; solid bars. 
GL:67:pCPI-CAT plus antibodies. Mice were sacrificed 2 and 
7 days postinstillation and the lungs assayed for (TAT activity. 
Data are expressed as means ± SEM. n ~ 4 or 5 animals per 
group. 
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practical since it also severely reduced expression of the trans- 
genc. Indeed, it has been Icnown that methylation of CpG is as- 
sociated with long-tenn inactivation of cenain geues during 
mammalian development (Boyles and Bird, 1991; Li et ai, 
1993) and in the repression of vira] genomes (Groudine €t ai, 
1981). In this regard, selection of promoters that ladt CpG mo- 
tifs or arc insensitive to methylation may represent an approach 
that bypasses this impediment However, the only known such 
promoter, the. Mo-Miil .V LTR (Moloney murine tumor virus 
long terminal repeal) is a weak promoter (Muizmeks and Do- 
erfler, 1994). 

Another approach is to genetically alicr those CpG motifs 
that have been shown to exhibit potent immunostimulatoiy ac- 
tivity. However, our attempts to redace the number of occur- 
rences of the most immnnostimulalory motif .')'-RRCGYY-3' 
in pCFl-CAT did not alter the inflanunatory profile in the 
mnuse iujjg. Til is ix not entirely unexpected a«d uUggests that 
other CpG dinuclentides that arc not within the sequence con- 
text of RRCCGY also contribute to cytokine induction. Identi- 
fication of these additional motifs and their removal by site-di- 
rected mutagenesis would be necessary for this approach to be 
effective. It should be noted that the complete retnovaJ of all 
CpG dinuclcolides involved in this process is unlikely since 
some will invariuMy be located within the nonwobble positions 
of coding sequences and in bacterial origins of replication. In 
fact, we speculate that part of our inability to isolate a mutant 
harboring an alteration at nucleotide position 2789 in pCFl- 
CAT may be related to the proximity of this nucleotide to the 
origin. 

Yet another approach derives from the interesting observa- 
tions by Krieg et al (1998) of the presence of CpG motifs that 
exhibit neutralizing activity. These neutralizing motifs are pur- 
portedly capable of countering those with immunnstimulatory 
activity. As such, the incorporation of chese neutralizing motifs 
coupled with the removal of those exhibiting immunostimula- 
twry activity from pDNA vectors may -redue&4lie inflammatory 
response in the lung. Finally, to evaluate all these strategies, it 
is also important to consider the animal model. The inflamma- 
tory response in mice is likely to be different from that in hu- 
mans and it is not clear whether there are differences in the 
ability and sensitivity of mice and humans to respond to par- 
ticular unmethylated CprO motifs. 
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Use of Cationic Lipids to Generate Anti-Tumor Immunity 

Background of the Invention 

The present invention relates to a novel method of suppressing tumor growth and 
generating protective immunity against tumor recurrence. The present invention also relates 
to methods and compositions for modulating inflanmiatory responses in mammals and 
generating specific immunostimulatoiy responses. 

Lipid mediated gene delivery has become one of the most widely researched areas of 
gene therapy. Cationic molecules, herein defined as cationic lipids, cationic polymers, and 
cationic amphiphiles have demonstrated particular promise for efficient intracellular 
delivery of biologically active molecules. Cationic molecules have polar groups that are 
capable of being positively charged at or aroimd physiological pH. This property is 
understood in the art to be important in defining how the molecule interacts with many types 
of biologically active molecules including, for example, negatively charge polynucleotides 
such as DNA. 

Examples of cationic lipid compounds that are stated to be useful in the intracellular 
delivery of biologically active molecules can be found throughout the literature along with 
discussions of properties of cationic lipids that are imderstood in the art as making them 
suitable for such applications. The disclosures of several of the examples found in the 
literature are specifically incorporated by reference herein. (U.S. Patent No. 5,283,185 to 
Epand et al.; U.S. Patent No, 5,264,618 to Feigner et al.; U.S. Patent No. 5,334,761 to 
Gebeyehu et al.; and Lee, E.R. et al.. Hum. Gene Ther. 7: 1 70 1 - 1 7 1 7 ( 1 996)). 

Another class of cationic lipids with enhanced activity is described, for example, in 
U.S. Patent No. 5,747,471 to Siegel et al., U.S. Patent No. 5,650,096 to Harris et al., and 
PCT publication WO 98/02191 published January 22, 1998, the disclosures of which are 
specifically incorporated by reference herein. These patents also disclose formulations, 
characteristics and properties of cationic lipids of relevance to the practice of the present 
invention. 

Additionally, several issued U.S. Patents, the disclosures of which are specifically 
incorporated by reference herein, have described the utility of cationic lipids to deliver 
polynucleotides to mammalian cells. (U.S. Patent No. 5,676,954 to Brigham et al. and U.S. 
Patent No. 5,703,055 to Feigner et al.) 
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However, an inflammatory response associated with lipid gene delivery has been 
recognized. For example, cationic lipid-mediated gene transfer to the lung induces dose- 
dependent pulmonary inflammation characterized by an influx of leukocytes (predominantly 
neutrophils) and elevated levels of inflammatory cytokines such as interleukin-6 (IL-6), 
timior necrosis factor a (TNF-a), and interferon-g (TNF-g) in the bronchoalveolar lavage 
fluid. Histopathological analysis of lung sections treated with the individual components of 
cationic lipidiDNA complexes suggests that the cationic lipid was a mediator of the 
observed inflammation. 

Additionally, results of clinical studies where CP subjects were subjected to either 
aerosolized liposomes alone or cationic lipidiDNA complexes indicated that bacterial 
derived plasmid DNA may also be inflammatory. Each of the cationic lipid :pDNA-treated 
patients exhibited mild flu-like symptoms (including fever, myalgia, and a reduction in FEV 
of approximately 15%) over a period of approximately 24 hours. These symptoms were not 
observed in patients treated with the liposome control. One possible explanation for this 
response is related to the presence of unmethylated CpG dinucleotide sequences in 
bacterially-derived pDNA. See Krieg et al.. Nature 374: 546-549 (1995); Klinman et al., 
Proc. Natl. Acad. Sci. USA 83: 2879-2883 (1996); Sato et al.. Science 273: 352-354 (1996). 

Short regions of genome consisting of unmethylated CpG dinucleotides are known 
as CpG islands or CpG motifs. Unmethylated CpG dinucleotides are present at a much 
higher frequency in bacterially-derived plasmid DNA compared to vertebrate DNA and are 
sometimes characterized as a subtle structural difference between bacterial and vertebrate 
DNA. For example, compared to DNA of eukaryotic origin, bacterial genomic DNA may 
contain a 20 fold higher frequency of the dinucleotide sequence CpG. Additionally, unlike 
eukaryotic DNA where 80% of the cytosines are methylated, those derived from prokaryotic 
origin are relatively unmethylated. These differences purportedly allow the vertebrate 
immune system to recognize and respond to DNA of bacterial origin. In this regard, 
administration of genomic bacterial DNA into an eukaryotic host has been shown to be 
capable of eliciting a potent immimostimulatory response. See Krieg et al., Trends 
Microbiol. 4: 73-76 (1995); Ballas et al., J. Immunol. 157: 1840-1845 (1996); Sparwasser 
et.al., Eur. J. Immunol. 27: 1671-1679 (1997). 
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Consequently, CpG motifs of bacterial and synthetic dinucleotides have found many 
uses. The presence of CpG motifs is thought to activate certain immune cells, including B 
cells, monocytes, dendritic cells, macrophages, and natural killer cells. CpG motifs can also 
be used to activate protective immune responses against infection, enhance vaccines, 
activate the immune system against cancer cells, and convert allergic reactions into harmless 
responses. See Wooldridge et al.. Blood 89: 2994-2998 (1997). 

Systematic analysis of CpG motifs has indicated that those sequences harboring the 
CpG motif 5'-RRCGYY-3* were particularly potent at inducing these responses. It was 
demonstrated that this effect was a consequence of the methylation status of the CpG 
dinucleotide sequences by experiments showing that administration of either bacterial 
genomic DNA or synthetic oligonucleotides bearing the RRCGYY sequence that had been 
pre-methylated with CpG methylase were significantly less immunostimulatory. 

Since plasmid DNA used in gene transfer studies is usually isolated from bacterial 
sources, and because it also harbors bacterial sequences for propagation in the host, it 
contains a higher frequency of unmethylated CpG sequences. Subsequently, the presence of 
CpG motifs has been detrimental to the effective introduction of many types of biologically 
active molecules in gene therapy. For example, the generation of elevated levels of 
cytokines due to CpG motifs in the BALF has consequences for expression of the 
therapeutic protein. Several viral promoters, such as the CMV promoter commonly used in 
gene delivery vectors, are subject to suppression by such cytokines. Furthermore, any 
additional inflammation or reduction in lung function in patients that already exhibit 
chronically inflamed, compromised airways represents an increased safety risk. 

The presence of CpG motifs on pDN A has also been shown to be capable of 
stimulating a robust T-helper 1 type response in either transfected monocytes or injected 
BALB/c mice. Of particular concern for delivery of genes to the lung was the 
demonstration that bacterial genomic DNA or oligonucleotides containing 
immunostimulatory CpG motifs are capable of eliciting an acute inflammatory response in 
airways and in particular caused inflammation in the lower respiratory tract, increasing both 
cell numbers and elevated levels of the cytokines TNF-a, IL-6 and macrophage 
inflammatory protein (MIP-2). See Schwartz et al.. J. Clin. Invest. 100: 68-73 (1997). 
Activation of a similar cytokine profile by CpG dinucleotides have also been reported in 
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murine dendritic cells (Sparwasser et al., Eur. J. Immunol. 28: 2045-2054 (1998)), 
macrophages (Lipford et al., Eur. J. Immunol. 27: 2340-2344 (1997)), monocytes (Sato et 
al.. Science 273: 352-354 (1995)), and NK cells (Cowdery et al., J. Immunol. 156: 4370- 
4575 (1996)). A recent study also reported that complexes formed between the cationic 
lipid DOTMA (N-[l-(2-3-dioleyloxy)propyl]-N,N,N-trimethylammonium chloride) and 
pDNA enhanced cytokine and cellular levels in the BALF of treated animals. See Friemark 
etal., J. Immunol. 160: 4580-4586 (1998), 

Siunmarv of the Invention 

The present invention provides for a method of generating an anti-cancer effect in a 
mammal by administering an effective amount of composition comprising a cationic 
molecule and a biologically active molecule for the purpose of stimulating an anti-tumor 
cell response. In a preferred embodiment, the composition comprises a cationic 
lipidrbiologically active molecule complex. In a further preferred embodiment, the 
biologically active molecule is an immvinologically active nucleic acid sequence with or 
without an expressible cDNA insert. 

In a further preferred embodiment, the anti-cancer effect may be an anti-tumor cell 
response including an apoptotic response, an anti-angiogenic response, or an immune 
response including an inflammatory response, a humoral response, a cellular response, a 
Thl-type response, or a Th2-type response. 

A subject of the invention is also a method of modulating an immune response in a 
mammal by administering an effective amount of a composition comprising a cationic 
molecule and a biologically active molecule, for the purpose of modulating the immune 
response. The composition may comprise a cationic lipid:biologically active molecule 
complex and the biologically active molecule may be an immunologically active nucleic 
acid sequence with or without an expressible cDNA insert. In a preferred embodiment the 
immime response may be an inflammatory response, a humoral response, a cellular 
response, a Thl-type response, or a Th2-type response. 

Also within the practice of the invention is a method of generating an anti-tumor 
response in a mammal by contacting a timior cell with an effective amount of composition 
comprising a cationic molecule and a biologically active molecule, for the purpose of 
generating the anti-tumor response. In a preferred embodiment, the anti-tumor response is a 
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protective anti-tumor immune response that may provide long term protective immvme 
memory. The composition may comprise a cationic lipidrbiologically active molecule 
complex and in a further preferred embodiment the anti-tumor response is a systemic 
response. Another subject of the invention is the generation of a systemic immime response 
by administering an effective amount of a composition comprising a cationic lipid and a 
biologically active molecule to an environment containing a tumor cell in a mammal. 

The practice of the invention also provides for a composition effective for generating 
an immune response against the tumor cell present during treatment. The composition 
comprises a cationic molecule and a biologically active molecule. Preferably the 
composition of the invention comprises a cationic lipid:biologicaIly active molecule 
complex. The invention provides for the delivery of these compositions to a mammal to 
stimulate an inflammatory response and/or immune response. In a preferred embodiment, 
the invention provides for a method of stimulating an inflammatory and/or immune 
response by delivering a composition comprising a an immunologically active nucleic acid 
sequence which may be a bacterial plasmid. 

The invention further provides for delivery of a cationic molecule ibiologically active 
molecule complex to a compartment containing a tumor cell, or to a tumor cell itself by any 
methods known in the art to deliver a biologically active molecule. 

In a further embodiment, the invention provides for compositions which are effective 
for stimulating an inflammatory response or an immune response against the tumor cell 
present during treatment using a biologically active molecule that comprises an 
immunologically active nucleic acid sequence, which may or may not contain an expressible 
cDNA insert. Thus, the methods described above do not require the expression of a 
transgene. 

In another aspect, the invention provides for pharmaceutical compositions 
comprising a cationic molecule:biologically active molecule complex which stimulates an 
inflammatory, immune, or anti-tumor response. The compositions may be an active 
ingredient in a pharmaceutical composition that includes carriers, fillers, extenders, 
dispersants, creams, gels, solutions and other excipients that are common in the 
pharmaceutical formulatory arts. The pharmaceutical compositions may be delivered to a 
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tumor cell or they may be delivered to an environment containing a tumor cell in order to 
stimulate an immune response against the tumor cell present during treatment. 

In a further embodiment, the invention provides for the use of a cationic molecule: 
biologically active molecule complex as an adjuvant that may be used in combination with 
another drug or treatment to increase or aid its effect. Examples of drugs or other treatments 
that may be utilized in combination with a cationic lipidrbiologically active molecule 
complex include but are not limited to known tumor antigens, surgery, cytokines or any 
treatment that does substantially compromise an immune response. 

The invention provides for a method of administering the compositions by any 
methods that have been employed in the art to effectuate delivery of biologically active 
molecules to the cells of mammals including but not limited to administration of an 
aerosolized solution, intravenous injection, or oral, parenteral, intra-peritoneal, intra-nasal, 
topical, or transmucosal administration. 

The invention also provides for a pharmaceutical composition that comprises one or 
more lipids or other carriers that have been employed in the art to effectuate delivery of 
biologically active molecules to the cells of mammals, and one or more biologically active 
molecules, wherein said compositions facilitate intracellular delivery to the cells, tissues or 
organs of patients of an effective amoxmt of the cationic moleculerbiologically active 
molecule complex. The pharmaceutical compositions of the invention may be formulated to 
contain one or more additional physiologically acceptable substances including components 
that: stabilize the compositions for storage; target specific tissues, cells, membranes, or 
organs in the subject; and/or contribute to the successful delivery of the cationic 
molecule:biologically active molecule complex. 

For pharmaceutical use, a cationic lipid:biologically active molecule complex of the 
invention may be formulated with one or more additional cationic lipids including those 
known in the art, or with neutral co-lipids such as dioleoylphosphatidyl-ethanolamine, 
("DOPE"), to facilitate delivery to cells the cationic lipid:biologically active molecule 
complex. 

Additional features and advantages of the invention will be set forth in the 
description which follows, and in part will be apparent from the description, or may be 
learned by the practice of the invention. The objectives and other advantages of the 
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invention will be realized and attained by the compounds and methods particularly pointed 
out in the written description and claims hereof as well as the appended drawings. 

Brief Description of the Drawings 
Figure 1. Cytokine analysis of mouse BALF after instillation of GL-67 complexed with 
methylated or unmethylated pCFl-CAT. Groups of three BALB/c mice were instilled intra- 
nasally with 100 |lx1 of GL-67:(m)pCFl"CAT, GL-67 :pCFl -CAT, GL-67 alone, (m)pCFl- 
CAT, pCFl-CAT, or vehicle (naive). BALF was collected 24 h after instillation and ELISA 
assays were used to measure the levels of various cytokines. (m)pCFl-CAT refers to pCFl- 
CAT that had been methylated by Sss I methylase. 

Figure 2. Total cell counts (Fig. 2A) and proportion of neutrophils (Fig. 2B) in BALF after 
administration of cationic lipidrpDNA complexes. Groups of three BALB/c mice were 
instilled intranasally vsdth 100 |al of GL-67 :(m)pCFl -CAT, GL-67:pCFl-CAT, GL-67 alone, 
(m)pCFl-CAT, pCFl-CAT, or vehicle. BALF was collected 24 h post-instillation and total 
cells and the different cell types were coimted. (m)pCFl-CAT refers to pCH-CAT that had 
been methylated by Sss I methylase while PMN, refers to polymorphonuclear leukocytes. 
Figure 3. Cytokine analysis of mouse BALF after instillation of GL-67 complexed vdth 
mixtures of methylated and unmethylated pCFl-CAT. Sss I-methylated pCFl-CAT was 
mixed with unmethylated pCFl-CAT at ratios of 0:3, 1:2, 2:1, or 3:0 [(m)pCFl-CAT:pCFl- 
CAT], then complexed with GL-67 to final concentration of 0.3:1.8 MM (GL-67:pDNA). 
Groups of three BALB/c mice were instilled intranasally with 100 \xl of GL-67:pDNA 
complexes and BALF was collected 24 h after instillation for cytokine assays. Naive 
animals were treated with vehicle, (m) refers to methylated pCFl-CAT while (un) refers to 
non-methylated pCFl-CAT. 

Figure 4. Histopathological analysis of BALB/c mouse lung sections following 
administration of GL-67 complexed with methylated or unmethylated pCFl-CAT. BALB/c 
mice were instilled intranasally with 100 ^1 of GL-67 :(m)pCFl -CAT, GL-67 :pCFl -CAT, 
GL-67 alone, (m)pCFl-CAT, pCFl-CAT, or vehicle. Mice were sacrificed two days post- 
instillation and the limgs were processed for histological examination in a blinded manner. 
Lung inflammation was graded on a scale of 0 to 4, with 0 indicating no change, 1 a 
minimal change, 2 a mild change, 3 a moderate change, and 4 indicating a severe change 



wo 00/45849 PCT/USOO/02943 

-8- 

from a normal lung. (m)pCFl-CAT refers to pCFl-CAT that had been methylated by Sss I 
methylase. 

Figures. CpG motifs present in pCFl -CAT. The motifs having the sequence 5- 
RRCGYY-3' are as shown. Numbers in parentheses indicate the nucleotide position of the 
cytosine residue. The figure uses the following abbreviations: Kan R, the gene for 
kanamycin; CMV Promoter, cytomegalovirus promoter; CAT, cDNA for chloramphenicol 
aceyltransferase; BGH Poly A, polyadenylation sequence from bovine growth hormone. 
Figure 6. Relative levels of CAT expression following methylation or mutagenesis of 
pCFl-CAT Groups of three BALB/c mice were instilled intranasally with 100 jal of GL- 
67:pCFl-CAT, GL-67:(m)pCFl.CAT, GL-67:pCFA-299-CAT, or GL-67:pCFA-299-10M- 
CAT. pCFA-299-CAT harbors a partial deletion of the CMV promoter and pCFA-299- 
lOM-CAT, an additional 10 mutations at CpG sites harboring the sequence motif 
RRCGYY. (m)pCFl-CAT refers to pCFl-CAT that had been methylated by Sss I 
methylase. Limgs were harvested for CAT analysis at day 2 post-instillation. 
Figure 7. Cytokine analysis of mouse BALF after instillation of GL-67 complexed with 
pCFl -CAT and modified forms of pCFl-CAT containing reduced numbers of CpG motifs. 
Groups of three BALB/c mice were instilled intranasally with 100 ^1 of GL-67:pCFl-CAT, 
GL-67:(m)pCFl-CAT, GL-67 :pCFA-299-C AT, or GL-67:pCFA-299-10M-CAT. BALF 
was collected 24 h after instillation and ELISA assays for TNF-a, IFN-y, IL-6, and IL-12 
were performed. (m)pCFl-CAT refers to pCFl-CAT that had been methylated by Sss I 
methylase. pCFA-299-CAT harbors a partial deletion of the CMV promoter and pCFA- 
299-lOM-CAT, an additional 10 mutations at CpG sites harboring the sequence motif 
RRCGYY. 

Detailed Description of the Invention 
In the present invention, a cationic moleculerbiologically active molecule complex is 
used to generate an anti-cancer or anti-tumor effect and in a preferred embodiment the anti- 
tumor effect is generated by stimulating or modulating an inunune or inflanrunatory response 
in a mammal. The complex may be administered alone, as the active ingredient in a 
formulation, as an adjuvant, or as part of a composition with another carrier such as a lipid, 
including cationic lipids, viral vectors, including adenoviruses, and other methods that have 
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been employed in the art to effectuate delivery of biologically active molecules to the cells 
of mammals. 

In one subject of the invention, the methods of stimulating and/or modulating an 
immvme response by delivering a cationic molecule :biologically active molecule complex to 
a cell is for the purpose of generating a systemic immune response. The invention provides 
for the delivery of any cationic moleculerbiologically active molecule complex to a 
mammalian cell to stimulate an inflammatory response and/or an immune response. The 
invention also provides for methods of generating an immunostimulatory response against a 
tiunor present at the time of treatment by exposing a cationic moleculerbiologically active 
molecule complex to a mammalian cell or a foreign tumor cell. 

The immune response stimulated by the cationic moleculerbiologically active 
molecule complex may be an apoptotic response, anti-angiogenic response, inflammatory 
response, humoral response, cellular response, Thl or Th2 type response, any other immune 
response sub-classified as an inflammatory response, or any other immunostimulatory 
response or anti-cancer response known in the art. Additionally, any other immune response 
known to be generated by CpG motifs, or bacterially or synthetically derived plasmids, is 
within the practice of the invention. In a preferred embodiment, the immime response is a 
protective immune response that may provide long term protective immime memory. 

The method of the invention preferably comprises a cationic lipidrbiologically active 
molecule complex. While an inflammatory and/or immune response has been observed 
following the individual administration of both a cationic lipid and an immimologically 
active nucleic acid sequence, the preferred response of the invention is obtained by the 
administration of a composition comprising both a cationic lipid and a biologically active 
molecule. 

The invention provides for the use of any cationic lipid compoimds. The traditional 
use of cationic lipids as carriers of biologically active molecules is to facilitate transfection 
of the biologically active molecule into a cell. Gene therapy requires successful transfection 
of target cells in a host. Transfection, which is practically useful per se, may generally be 
defined as a process of introducing an expressible polynucleotide (for example, a gene, a 
cDNA, or an mRNA) or other biologically active molecule into a cell. Successful 
expression of the encoding polynucleotide thus transfected leads to production in the cells of 
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a protein. The present invention does not require the transfection of the biologically active 
molecule or the expression of a transgene. While transfection or expression may be helpful 
and desired in some situations, stimulation and/or modulation of the inflammatory response 
or generation of an immune or anti-cancer response may only require delivery of the cationic 
lipid.biologically active molecule complex to a cell. 

Cationic molecules have polar groups that are capable of being positively charged at 
or around physiological pH. This property is understood in the art to be important in 
defining how the cationic lipids interact with the many types of biologically active 
molecules including, for example negatively charged polynucleotides such as DNA. In a 
preferred embodiment, the invention provides for the use of any cationic lipid and 
compositions containing them that are useful to facilitate the transport of a biologically 
active molecule to a cell, tissue, organ, the vascular system, or a body cavity. A number of 
preferred cationic lipids according to the practice of the invention can be foxind in U.S. 
Patent Nos. 5,747,471 & 5,650,096 and PCT publication WO 98/0219L In addition to 
cationic lipid compounds, these patents disclose numerous preferred co-lipids, biologically 
active molecules, formulations, procedures, routes of administration, and dosages. 
Representative cationic lipids that are useful in the practice of the invention are: 
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GL 120 

and other lipids that are known in the art including those described in U.S. Patents No. 
5 ,747^471 & 5,650,096 and PCX publication WO 98/02191. 

The biologically active molecule is preferable an immunologically active nucleic 
acid sequence, which may be a plasmid, v^th a non-expressible or expressible DNA insert. 
However, biologically active molecules included in the practice of the invention include any 
representative biologically active molecule that can be delivered to a cell in order to 
stimulate an inflammatory and/or immune response using the methods of the invention 
including: oligonucleotides containing bacterial sequences; polynucleotides such as genomic 
DNA, cDNA, and mRNA; ribosomal RNA; antisense polynucleotides; ribozymes; null 
vectors or vectors without an expressible insert; and low molecular weight biologically 
active molecules such as hormones and antibiotics. 
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The immunologically active nucleic acid sequence may be bacterially, synthetically, 
or vertebrate derived. However, for most applications, a bacterially or synthetically derived 
sequence is preferred and more preferably a sequence that contains CpG motifs or more 
even preferably a high frequency of CpG motifs. CpG motifs of bacterial and synthetic 
origin which are thought to activate certain immune cells including B cells, monocytes, 
dendritic cells, macrophages, and natursil killer cells are within the practice of the invention. 
Additionally, CpG motifs which can be used to activate protective immxme responses 
against infection, enhance vaccines, and activate the immune system against cancer cells are 
within the scope of the invention. 

In another subject of the invention, a biologically active molecule with CpG motifs 
stimulates an immune response or an anti-tumor response against a tumor present at the time 
of treatment when the cationic molecule:biologically active molecule complex is delivered 
to a host cell. The invention also provides for a method of stimulating an inflammatory 
and/or immune response by delivering a immxmologically active nucleic acid sequence with 
CpG motifs using a cationic lipid. 

Within the practice the invention, an anti-tumor effect may be generated by exposing 
a tumor cell to a cationic lipid:biologically active molecule complex. The anti-tumor cell 
response may preferably be a Thl -type response, a Th2-type response, an inflammatory 
response, an anti-angiogenic response, a pro-apoptotic response, or any other anti-cancer 
response known in the art. In a preferred embodiment, a cationic lipid:biologically active 
molecule complex stimulates a long term adaptive immune response against a tumor cell. 

The invention also provides for direct administration of the cationic 
molecule:biologically active molecule complex to a tumor cell in order to generate an a long 
term adaptive immunostimulatory response and which suppresses or inhibits grovrth of the 
tumor cell including administration into the intra-peritoneal, pleural cavity, blood 
compartment or any other body compartment. Administration may be by injection, 
intravenously, instillation, inhalation or any other method of administration deemed 
appropriate by one of sufficient skill in the art including a systemic administration through 
the vasculature. 

Another subject of the invention provides for methods of stimulating an inamune 
response in a mammal by targeting the timior cell by incorporating targeting agents or using 
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a cationic molecule which targets the cells, tissues, organs, or vasculature in the area of the 
tumor cell. 

The immune response or anti-tumor effect generated by the methods of the invention 
may be a localized effect, or in a preferred embodiment, the specific immune response may 
be a systemic response. More preferably, the specific localized or systemic immune 
response that is generated may be determined by the type of tumor cell that is exposed to the 
cationic molecule rbiologically active molecule complex and/or the type biologically active 
molecule or cationic molecule exposed to the tumor cell. 

Within the practice of the invention, the biologically active molecule may be 
inmiunologically active nucleic acid sequence that may or may not contain an expressible 
cDNA insert. The methods of invention therefore do not require the expression of a 
transgene. The subject of the invention also includes the use of an expressible biologically 
active molecule in the composition or administered as part of a composition in order to 
generate an immune, inflammatory, or therapeutic response. In the practice of the invention, 
the methods and compositions of the invention may provide additional therapeutic benefits 
through the transfection and expression of a biologically active molecule. 

Also within the practice of the invention is the administration of compositions 
comprising a cationic molecule rbiologically active molecule complex for the purpose of 
modulating an inflammatory response. The modulation may be in response to the delivery 
of the cationic moleculerbiologically active molecule complex or the expression of the 
biologically active molecule and/or the modulation may be regulated by the complex or a 
transfected biologically active molecule, for example, by using a segment of a plasmid. 
Other Lipids, including Co-lipids 

It has been determined that the stability, delivery and transfection-enhancing 
capability of cationic molecule compositions can be substantially improved by adding to 
such formulations small additional amounts of one or more derivatized polyethylene glycol 
compounds. Such enhanced performance is particularly apparent when measured by 
stability of cationic lipid fomiulations to storage and manipulation, including in liquid 
(suspended) form, and when measured by stability during aerosol delivery of such 
formulations containing a biologically active molecule, particularly polynucleotides. 
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According to the practice of the invention^ any derivative of polyethylene glycol 
may be part of a cationic molecule formxilation. Complexes have been prepared using a 
variety of PEG derivatives and all of the PEG derivatives, at a certain minimimi cationic 
lipidrPEG derivative ratio have been able to form stable homogeneous complexes. 
Although the inventors are not limited as to theory, PEG derivatives can stabilize cationic 
lipid formulations and enhance the delivery and transfecting properties and the affinity of 
formulations to biologically active molecules. The use of PEG and PEG derivatives enables 
one to use a higher ratio of biologically active molecules, especially DNA, to lipid. The 
following references, specifically incorporated by reference herein, contain more 
information regarding use of PEG derivatives: Simon J. Eastman et al.. Human Gene 
Therapv 8: 765-773 (1997); and Simon J, Eastman et al. Human Gene Therapv 8: 313-322 
(1997). Derivatives of polyethylene glycol useful in the practice of the invention include 
any PEG polymer derivative with a hydrophobic group attached to the PEG polymer. 

For pharmaceutical use, the cationic molecule:biologically molecule complexes of 
the invention may be formulated with one or more additional cationic lipids including those 
known in the art, or with neutral co-lipids such as dioleoylphosphatidyl-ethanolamine 
(**DOPE"), to facilitate delivery of the complexes to cells of a host. The use of neutral co- 
lipids is optional. Depending on the formulation, including neutral co-lipids may 
substantially enhance delivery and/or transfection capabilities. Representative neutral co- 
lipids include dioleoylphosphatidylethanolamine ("DOPE"), 

diphytanoylphosphatidylethanolamine, lyso-phosphatidylethanolamines, other phosphatidyl- 
ethanolamines, phosphatidylcholines, lyso-phosphatidylcholines, and cholesterol. Use of 
diphytanoylphosphatidylethanolamine is highly preferred according to the practice of the 
present invention, as is use of "DOPE". 
Other Carriers & Delivery Vehicles 

The invention also provides for a composition that comprises one or more lipids or 
other carriers that have been employed in the art to effectuate delivery of biologically active 
molecules to the cells of mammals, and one or more biologically active molecule, wherein 
said compositions facilitate delivery of effective amounts of the biologically active 
molecules or lipid complexes. Numerous methods and delivery vehicles are within the 
practice of the invention including viral vectors; DNA encapsulated in liposomes, lipid 
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delivery vehicles, and naked DNA have been employed to effectuate the delivery of DNA to 
the cells of mammals. To date, delivery of DNA in vitro, ex vivo, and in vivo has been 
demonstrated using many of the aforementioned methods. 

Other carriers or delivery vehicles that may be included in the compositions of the 
present invention include viral vectors, adenovirases, retroviruses, and also non-viral and 
non-proteinaceous vectors or other alternative approaches that are known in the art to 
facilitate delivery of biologically active molecules The person skilled in the art will, of 
course, take care to choose additional carriers or delivery vehicles and/or their concentration 
in such a way that the desired properties or activity of the invention are not, or are not 
substantially, impaired by the envisaged addition. 
Preparation of Compositions and Administration Thereof 

The pharmaceutical compositions of the invention may be formulated to contain one 
or more additional physiologically acceptable substances that stabilize the compositions for 
storage, target specific tissues, cells, membranes or organs and/or contribute to the 
successful intracellular delivery of the cationic lipid:biologically active molecule complex. 

The present invention provides for pharmaceutical compositions that facilitate 
delivery of therapeutically effective amounts of cationic molecule :biologically active 
molecule complexes. A pharmaceutical composition may comprise a cationic 
moleculerbiologically active molecule complex, lipid or non-lipid carriers, other biologically 
active molecules, or any other known additives which facilitate delivery of a cationic 
moleculerbiologically active molecule complex. 

Pharmaceutical compositions of the invention may facilitate delivery of a cationic 
moleculerbiologically active molecule complexes to numerous cells, tissues and organs such 
as the gastric mucosa, heart, limg, and solid tumors; cavities and body compartments such as 
the peritoneal cavity, pleural cavity, blood compartment; and the vascular system and blood 
cells. Additionally, compositions of the invention facilitate delivery of cationic 
molecule:biologically active molecule complexes to cells that are maintained in vitro, such 
as in tissue culture. 

Cationic lipid species, PEG derivatives, co-lipids and other carriers and delivery 
vehicles of the invention may be blended so that two or more species of cationic lipid or 
PEG derivative, co-lipid or carrier are used, in combination, to facilitate delivery of a 
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cationic lipid:biologically active molecule complex into target cells and/or into subcellular 
compartments thereof. Cationic lipids of the invention can also be blended for such use 
with lipids that are known in the art. Additionally, a targeting agent may be coupled to any 
combination of cationic lipid, PEG derivative, and co-lipid or other lipid or non-lipid 
formulation that effectuates delivery of a cationic lipid rbiologically active molecule 
complex to a mammalian cell. 

The cationic molecule:biologically active molecule complexes may also be used as 
an adjuvant that can be combined with another drug or treatment to increase or aid its 
efficacy. For example, a cationic molecule:biologically active molecule complex may be 
administered with a known tumor antigen including but not limited to proteins, peptides or 
cDNA. The cationic moleculerbiologically active molecule complexes may also be 
administered with a txmior cell, or tumor cell lysate, etc, that would contain all tumor 
antigens. This could be either an autologous (from the patient being treated) tumor cell or 
an allogeneic (from the same timior type) tumor cell. 

Dosages of the pharmaceutical compositions of the invention will vary, depending 
on factors such as half-life of the biologically-active molecule and the a cationic molecule: 
biologically active molecule complex, potency of the biologically-active molecule and the a 
cationic moleculerbiologically active molecule complex, half-life of other delivery vehicles, 
any potential adverse effects of the cationic moleculerbiologically active molecule complex 
or delivery vehicle if present or of degradation products thereof, the route of administration, 
the condition of the patient, and the like. Such factors are capable of determination by those 
skilled in the art. 

A variety of methods of administration may be used to provide highly accurate 
dosages of the compositions of the invention. Such preparations can be administered 
intravenously, orally, parenterally, topically, transmucosally, or by injection of a preparation 
into a body cavity of the patient, or by using a sustained-release formulation containing a 
biodegradable material, or by onsite delivery using additional micelles, gels and liposomes. 
Nebulizing devices, powder inhalers, dry powder formulations, aerosolized solutions, or 
other representative of methods that may be used to administer such preparations. The 
invention provides for a method of administering the complexes by any methods that have 
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been employed in the art to effectuate delivery of biologically active molecules to the cells 
of manmials. 

Additionally, the compositions, which include therapeutic and pharmaceutically 
acceptable compositions of the invention, can in general be formulated with excipients (such 
as the carbohydrates lactose, trehalose, sucrose, mannitol, maltose or galactose, and 
inorganic or organic salts) and may also be lyophilized (and then rehydrated) in the presence 
of such excipients prior to use. The complexes may be an active ingredient in a 
pharmaceutical composition that includes carriers, fillers, extenders, dispersants, creams, 
gels, solutions and other excipients that are common in the pharmaceutical formulatory arts. 

Conditions of optimized formulation for each complex of the invention are capable 
of determination by those skilled in the pharmaceutical art. Selection of optimum 
concentrations of particular excipients for particxilar formulations is subject to 
experimentation, but can be determined by those skilled in the art for each such formulation. 
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The invention will be fiirther clarified by the following examples, which are 
intended to be illustrative of the invention, but not limiting thereof. 
Examples 

The following Examples are representative of the practice of the invention. 
Example 1 Construction and purification of plasmid DMA, 

The construction and characterization of the plasmid vector pCFl-CAT encoding the 
reporter gene product chloramphenicol acetyltransferase (CAT) has been described 
previously. See Yew et al. Hum. Gene Ther. 8: 575-584 (1997). pCFl-CAT contains the 
strong promoter from the human cytomegalovims immediate-early gene (CMV), an intron, 
the bovine growth hormone polyadenylation signal sequence, a pUC origin, and the 
aminoglycoside 3 '-phosphotransferase gene that confers resistance to kanamycin. pCFl-null 
is analogous to pCFl -CAT except that the cDNA for CAT was deleted. pCFA-299-CAT 
was constructed by digesting pCFA-CAT (identical to pCFl-CAT except for the addition of 
a small polylinker 5' of CMV) with Pme I (in the polylinker) and Bgl I (in CMV), blunting 
the ends with the Klenow fragment of DNA polymerase 1, then replicating. This results in 
deletion of nucleotides -522 to -300 of the CMV promoter. 

Site-directed mutagenesis was perfomied using the QuickChange Site-Directed 
Mutagenesis kit (Stratagene) following the protocol described by the manufacturer. One 
modification was that multiple sets of oligonucleotides were used simultaneously, allowing 
mutagenesis of three or more sites in a single reaction. The mutations were confirmed by 
extensive DNA sequencing and restriction enzyme mapping to check for plasmid integrity. 
pCFA-299-10M-CAT is deleted of the CpG motifs at nucleotides 88, 1 18, 141, and 224 
(number refers to the C residue within the CpG dinucleotide except where indicated and is 
based on the pCFl-CAT sequence; see Figure 5), and contains 10 point mutations at 
nucleotides 410, 564, 1497 (G to A), 1887, 2419, 2600, 2696, 3473, 4394 (G to A), and 
4551. 

Plasmid DNA was prepared by bacterial fermentation and purified by ultrafiltration 
and sequential column chromatography essentially as described previously. See Lee et al., 
Hum. Gene Ther. 7: 1701-1717(1996); Scheule et al.. Hum. Gene Ther. 8: 689-707 (1997). 
The purified preparations contained less than 5 endotoxin units/mg of pDNA as determined 
by a chromogenic LAL assay (BioWhittaker), less than 10 |ig protein/mg pDNA as 
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determined by the micro BCA assay (Pierce), and less than 10 |ag of bacterial chromosomal 
DNA/mg of pDNA as determined by a dot-blot assay. They were also essentially free of 
detectable RNA and exhibited spectrophotometric A260/280 ratios of between 1.8 and 2.0. 
Example 2 In vitro methylation of pDNA, 

Plasmid DNAs were methylated in vitro in a 5 ml reaction containing 1 x NEB 
buffer 2 [50 mM NaCl, 10 mM Tds-HCI, pH 7.9, 10 MM MgCl2, 1 mM dithiothreitol], 160 
^iM S-adenosylmethionine (SAM), 1-3 mg of pDNA, and 1 U of Sss I methylase (New 
England Biolabs) per jig of pDNA. The mixture was incubated at 37°C for 18 h. 
Additional SAM was added to a concentration of ISO |iM after 4 h of incubation. Mock 
treatment of pDNA used the same procedure except the Sss I methylase was omitted. 
Methylated and mock-treated pDNA was centrifiiged through a Millipore Probind column, 
ethanol precipitated, and washed with 70% (v/v) ethanol. The pDNA was resuspended in 
water to a final concentration of approximately 3 mg/ml. In experiments to examine the 
effects of Sss I-mediated methylation of pDNA, mock-methylated pDNA was always used 
as a control. 

The extent of pDNA methylation was assessed by digesting 0.2-0.5 ^ig of the treated 
pDNA with 10 U BstU I or Hpa II for 1 h, then analyzing the pDNA by agarose gal 
electrophoresis. Methylated pDNA was protected from BstU I and Hpa II digestion whereas 
unmethylated or partially methylated pDNA was cleaved. Gel analysis showed that the 
methylated pDNA was completely protected from either BstU I or Hpa II digestion. 

The plasmids used in these studies were highly purified and contained predominantly 
the supercoiled form, less than 1 endotoxin unit/mg of plasmid and were free of infectious 
contaminants as determined using a bioburden assay. To assess the role of methylation of 
CpG dinucleotides in the plasmid DNA on limg inflammation, the purified pDNAs were 
either methylated or mock methylated in vitro using E. coli Sss I methylase. This en2yme 
methylates the cytosine residue (C5) within all CO dinucleotides. The extent of methylation 
was assessed by monitoring the susceptibility of the modified plasmids to digestion by BstU 
I or Hpa II but not Msp I. An Sss I-methylated but not the mock-methylated plasmids were 
completely protected from digestion with BstU I and Hpa II. Methylation of pCFl-CAT 
also resulted in an approximately 5 fold reduction in expression levels following intranasal 
administration into lungs of BALB/c mice (Figure 6). 
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Cytokine levels in the mouse BALF were quantitated using enzyme-linked 
immxmosorbent assay (ELISA) kits as specified by the manufacturers. IFN-y, TNF-a, ILl- 
a, IL-ip, IL-10 and IL-6 ELISA kits were fi:om Gen2yme Corporation, while mKC, MIP-2 
and GM-CSF ELISA kits were from R&D Systems, and the Leukotriene B4 ELISA kit was 
from Perseptive Diagnostics. 

The procedures for processing the limg tissues and assay of CAT enzymatic activity 
have been described elsewhere. See Lee et al., Hum. Gene Ther. 7: 1701-1717 (1996); Yew 
et al.. Hum. Gene Ther. 8: 575-84 (1997). 

Example 3 Nasal instillation of cationic lipid:pDNA complexes into mice. 

The cationic lipidrpDNA complexes were formed by mixing equal volumes of GL- 
67:DOPE (1 :2) with pDNA as described previously (Lee et al., Hum. Gene Ther. 7: 1701- 
1717, (1996)) to a final concentration of 0.6:1.2:3.6 mM (GL-67:DOPE:pDNA) or 
0.3:0.6: 1 .8 mM, as indicated in the figure legends. The DNA concentration is expressed in 
terms of nucleotides, using an average nucleotide molecular weight of 330 daltons. BALB/c 
mice were instilled intranasally with 100 ^1 of complex as described. See Scheule et al.. 
Hum. Gene Ther. 8: 689-707 (1997). The animals were euthanized and their lungs were 
lavaged 24 h post-instillation using phosphate-buffered saline (PBS). The recovered BALF 
were centrifiiged at 1,500 rpm for 4 min, and the resuhing supematants were removed and 
frozen at -SO^'C for subsequent cytokine analysis. The cell pellets were resuspended in PBS 
for microscopic determination of cell nmnber and cell types. 

Example 4 Composition ofbronchoalveolar lavage fluid after administration of cationic 
lipidspDNA complexes harboring either methylated or unmethylated pDNA, 

The Sss I-methylated (m)pDNA or unmethylated pDNA were complexed with the 
cationic lipid GL-67 and then instilled intranasally into BALB/c mice. Separate groups of 
mice were instilled with either (m)pDNA or immethylated pDNA alone, or vehicle, and 
their bronchoalveolar lavage fluids collected for analysis at 24 h post-treatment. 

To determine whether methylation of pDNA affected the inflammatory response in 
the limgs, we measured the levels of several different cytokines in the BALF 24 h after 
instillation. Significantly higher levels of TNF-a, IFN-y, and to a lesser extent IL-6, were 
found in the BALF of mice that received GL-67 :pCFl -CAT when compared to those 
administered GL-67 :(m)pCFl -CAT (Figure 1). Levels of murine KC were also elevated 
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following instillation of the cationic lipid:pDNA complexes but there was no significant 
difference in the levels of the cytokine induced by either methylated or unmethylated pDNA 
complexed with GL-67. In contrast, low levels of these four cytokine were present after 
instillation witii GL-67 alone, (m)pCFI-CAT alone or unmethylated pCFl -CAT alone 
(Figure 1). However, although tiie levels of TNF-a, IFN-Y and IL-6 were low in the BALF 
of animals treated with free pDNA compared to complexed pDNA, the levels of these 
cytokines were invariably higher in the group that received free unmethylated pDNA alone 
than in the group administered (m)pCFl-CAT. The cytokines IL-10, leukotriene B-4, IL- 
1 P, IL-la, MIP-2, and GM-CSF were also assayed but in each case the levels were low and 
indistinguishable from those attained in naive animals. These results indicated that 
unmethylated pDNA was inflammatory in the lung and that this response was exacerbated 
when tiie pDNA was present in a complex with GL-67. Furthermore, of the cytokines 
induced by administration of GL-67 :pCFl -CAT complexes to the lung, TNF-a, IFN-y and a 
proportion of the IL-6 were primarily due to the presence of unmethylated pDNA. The 
cationic lipid GL-67 did not contribute significantly to tiie cytokine induction in tiie BALF 
witii tiie exception of KC where it appeared to work in concert witii pDNA to increase its 
level. 

The character of tiie inflammatory response induced by GL-67:pCFl-CAT was also 
evaluated by measuring tiie total number of cells and tiie differential counts recovered in ttie 
BALF of the treated animals. Elevated numbers of polymorphonuclear (PMN) leukocytes 
were present in tiie BALF of mice tiiat were instilled witii GL-67:pDNA compared to mice 
tiiat received eitiier GL-67 alone or pDNA alone (Figure 2A). The metiiylation status of tiie 
pDNA in die GL-67:pDNA complex did not significantiy affect the overall cell number. 
However, animals administered (m)pCFl-CAT alone (4 separate experiments) consistentiy 
showed a sUght reduction in tiie total number of PMN leukocytes in comparison to tiiose 
tiiat received pCFl-CAT. An analysis of tiie different cell types showed an increased 
proportion of neutrophils in mice tiiat received GL-67 :pCFl -CAT compared to mice tiiat 
received GL-67:(m)pCFl-CAT (Figure 2B). This increase was also observed after 
instillation of pCFl-CAT alone compared to (m)pCFl-CAT alone. Togetiier, tiiese data 
indicate that ttie induction in cellular influx was mediated by botii tiie cationic lipid and 
pDNA. However, administiation of unmetiiylated pDNA ratiier tiian metiiylated pDNA into 
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the lung can result in an increase in the number of PMN Ieukoc5^es, particularly neutrophils, 
in the BALF. 

Since pCFl -CAT expresses high levels of the CAT reporter enzyme, which is a 
bacterial protein, there was the possibility that the cytokine response was due to the 
expression of the foreign protein. Therefore, experiments were repeated using a plasmid 
vector that contained the same plasmid backbone but lacked any transgene (pCFl-null). 
The cytokine induction profile after administration of methylated or unmethylated pCFl- 
nuU complexed with GL-67 was essentially identical to that attained with pCFl-CAT. This 
confirmed that the plasmid DNA itself, and not expression of the bacterial CAT, was 
responsible for the observed cytokine induction. 

Example 5 Dose-dependent relationship between unmethylated pDNA and cytokine 
levels. 

To determine whether there was a dose-dependent relationship between the amount 
of unmethylated pDNA administered to the Ixing and the levels of induced cytokines, 
(m)pCFl-CAT was mixed with pCFl-CAT at different ratios before complexing with GL- 
67. The dose of GL-67 and the total amount of nucleotides delivered remained constant. In 
this experiment MIP-2 and IL-12 were assayed in addition to TNF-a, IFN-y, IL-6, and 
mKC. As the proportion of unmethylated pCFl-CAT in the complex increased, there was a 
corresponding increase in the levels of TNF-a, IFN-y, IL-6, and IL-12 (Figure 3). With 
IFN-y, IL-6 and IL-12, the stimulated increase in cytokine levels was maximal when the 
ratio of methylatedrunmethylated pDNA was 1 :2. This dose-dependent relationship 
supports the proposal that the induction of TNF-a, IFN-y, IL*6, and IL-12 in the BALF were 
in direct response to the presence of immethylated pDNA. This trend was not observed for 
either KC or MIP-2, consistent with the observations above (Figure 3). 
Example 6 Histopathological changes in the lung after administration of cationic 
lipid:methylated pDNA complexes. 

The histopathological changes within BALB/c mouse lungs following administration 
of either cationic lipid alone, pDNA alone, or cationic lipid:pDNA complexes were also 
examined. BALB/c mice were instilled intranasally with GL-67:(m)pCFl-CAT, GL- 
67:pCFl-CAT, GL-67 alone, (m)pCFl-CAT, pCFl-CAT, or water (vehicle control). Mice 
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were sacrificed 2 days post-instillation and the lungs were processed for histological 

examination in a blinded manner. 

Histopathology, 

Lxmgs were fixed by inflation at 30 cm of H2O pressure with 2% paraformaldehyde 
and 0.2% glutaraldehyde. Representative samples were taken firom each lung lobe, 
embedded in glycol methacrylate, sectioned and stained with hematoxylin and eosin. 
Histopathology on the lung was evaluated in a blinded fashion and graded subjectively using 
a scale of 0 to 4, where a score of 0 indicates no abnormal findings and a score of 4 reflects 
severe changes with intense infiltrates. See Scheule et al.. Hum. Gene Ther. 8: 689-707 
(1997). 

Multifocal areas of alveolar inflammation were observed in mice that received GL- 
67:pDNA complexes. The extent of lung inflammation was graded using a scale fi-om 0 to 
4, with 0 indicating no abnormalities, 1 indicating a minimal change, 2 a mild change, 3 a 
moderate change, and 4 representing severe changes firom a normal lung (Figure 4). There 
was no significant difference in the inflammation score of limgs that received GL-67:pDNA 
compared to lungs that received GL-67:(m)pDNA complex. Lungs that received GL-67 
alone were scored slightly lower than lungs that received lipid:pDNA complex, while 
minimal inflammation was observed in lungs that received either pDNA or (m)pDNA alone. 
These results indicated that the presence of unmethylated CpG motifs on the pDNA did not 
grossly affect the histopathological changes observed in the lung after administration of 
cationic lipid:pDNA complexes. Furthermore, the majority of the histological changes 
observed upon administration of the complexes was mediated by the cationic lipid 
component. 

Example 7 Effect of mutating immunostimulatory CpG motifs within pCFl -CA T 

Since a subset of the unmethylated CpG dinucleotides present in pCFl-CAT appears 
responsible for the majority of the cytokine response, then elimination of these particular 
CpG motifs should reduce the level of induction. There are 17 motifs in pCFl-CAT having 
the sequence 5*-RRCGYY-3, which have been previously shown to be the sequence context 
in which the CpG motif was found to be most immunostimulatory (Figure 5). Fourteen of 
these motifs were eluninated by either deletion or site-directed mutagenesis. The four CpG 
motifs located within the CMV promoter (at nucleotide positions 88, 1 1 8, 141 and 224) 
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were removed by deletion of a 400 bp fragment containing a portion of the upstream 
enhancer region, to create pCFA-299-CAT (Figure 5). Ten of the thirteen remaining motifs 
(at positions 410, 564, 1497, 1887, 2419, 2600, 2696, 3473, 4394 and 4551) were modified 
using site-directed mutagenesis to create pCFA-299-10M-CAT (Figure 5). The cytosine 
residue in each motif was mutated to a thymidine residue in each case, with the exception of 
one motif (nucleotide 1497) within the coding sequence for CAT, and one motif (nucleotide 
4394) within the kanamycin resistance gene. With these two motifs, in order to preserve the 
coding sequence for the respective proteins, the guanidine residue of the CpG dinucleotide 
was changed to an adenosine residue. 

The plasmids, pCFl-CAT, (m)pCFl-CAT, pCFA-299-CAT, and pCFA-299-10M- 
CAT were complexed with cationic lipid GL-67 then instilled intranasally into BALB/c 
mice. Twenty-four hours after instillation, BALF was collected for cytokine analysis and 
the lungs harvested for CAT assays. Expression from pCFA-299-CAT, containing the 
truncated CMV promoter, was approximately one-third that of pCFl-CAT (Figure 6). The 
expression from pCFA-299-10M-CAT was equivalent to pCFA-299-CAT, indicating that 
the introduction of the 1 0 point mutations did not affect transgene expression (Figure 6). As 
before, high levels of TNF-a, IFN-y, IL-6, and IL-12 were present in the BALF of mice that 
received unmethylated pCFl-CAT (Figure 7). However, equally high levels of these 
cytokines were also observed with pCFA-299-CAT and pCFA-299-1 CM-CAT. Therefore, 
reducing the content of CpG motifs within the plasmid did not reduce its ability to elevate 
cytokine levels in the lung. This suggests that other immunostimulatory motifs in addition 
those harboring the consensus 5 -RRCGYY-3' are necessary to stimulate the desired 
inflammatory response. 

Example 8 Effect of cationic lipid: biologically active molecule complexes on tumor 
growth, 

BJ6 melanoma subcutaneous model 

B16/F10 cells (5x1 0"^) were implanted subcutaneously in C57/BL6 mice (8/group) 
and allowed to grow for --12 days until they were 3-4 mm in any one dimension. Tumors 
were injected with lipidrpDNA complexes bearing either the purine nucleoside 
phosphorylase (PNP) gene, which catalyzes the conversion of several non-toxic 
deoyadenosine analogs to highly toxic adenine analogs, or the b-gal gene (control) on days 1 
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and 3. Animals were administered prodrug (Fludara) intraperitoneally on days 2-7, 
Compared to untreated animals, the growth of tumors on animals treated with complex, 
regardless of the transgene, were inhibited by -60%. In other words, inhibition of tumor 
growth was achieved even with the intratumoral injection of a control transgene 
B16 melanoma lung metastasis model - lung mets 

On day 0, 1x10^ B16/F10 cells were injected intravenously in C57/BL6 mice. On 
days 5 and 10, mice were treated with an intravenous injection (100 ^1) of GL67:pCFA-null 
complexes. On day 14 mice were sacrificed, lungs excised, fixed and placed in Fekete's 
solution. The number of lung metastases were counted. Untreated animals had 26 ±4 
(mean ± SEM) mets, while the group treated with GL67:pCFA-null had 9.5 db 2.5 mets, 
indicating significant (p=0.017) efficacy of a lipid:pDNA complex in the absence of an 
expressing transgene in this model. 

BJ6 melanoma lung metastasis model - survival 

On day 0, B16/F10 cells were injected intravenously in C57/BL6 mice. On days 5, 
10, 15 and 18, one group of mice was treated with an intravenous injection of GL67:pCFA- 
nuU complexes. All mice were followed for survival. The untreated group had a median 
survival of 27 ± 1.5 days, while the group treated with GL67:pCFA-null complexes 
exhibited a median survival of 34 ± 1 days, a statistically significant (p=0.0019; Logrank) 
increase. 

B16 melanoma lung metastasis model - survival 

In a repeat of the above survival experiment, mice were treated intravenously with 
GL67:pCFA-Null complexes at either 0.5:2 (Low dose) or 2:2 mM (High dose). Treatment 
resulted in increased median survival for both groups relative to a control, imtreated group 
of animals, which had a median survival of 26.8 ± 0.6 days. The high dose and low dose 
groups had median survivals of 3 1 .6 ± 1.5 and 34.4 ± 1 .2 days, respectively, which were 
significantly different from control at p values of <0.01 and <0.0001, respectively. 

NuTu/Fischer rat ovarian cancer model 

The ovarian epithelial carcinoma cell NuTul9 is syngeneic for the Fischer 344 rat. 
See Rose, G.S., et al. Am J Obstet Gvnecol 175:593-599 (1996). On day 0, 1x10^ tumor 
cells in 1 ml were inoculated into the peritoneal cavities of F344 rats. On days 3,6, and 9, 
groups (10 animals/group) of animals were treated with 2 ml of either saline or 
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GL67:pCFlbgal (at a 0.5:2 mM molar ratio), a control vector. The group treated with saline 
had a median survival of —92 days, while the group treated with complex had a median 
survival of -156 days. These data show a significant effect on survival generated by 
multiple administrations of a control vector. 
MOT Model of Ovarian Cancer 

In the mouse ovarian teratoma (MOT) model (Fekete , E. et al.. Cancer Res. 12:438- 
443 (1952)), tumor cells were implanted into the peritoneal cavity of C3He/FeJ mice (10 
mice/group). On three occasions, the mice were treated with saline or GL67:pNull 
complexes (in saline) by instillation into the peritoneal cavity. The pNull vector is a pCFA 
backbone without an expressible cDNA insert. 

As shown below, all the saline-treated animals died; there were no long term 
survivors. However, when tumor-bearing animals were treated with GL67:pNull 
complexes, the percentage of long-term survivors ranged from zero to 70%, depending on 
the cationic lipid:DNA ratio. Importantly, when these long-term survivors were 
rechallenged with MOT tumor cells, the percentage of animals that rejected this challenge 
also ranged from 0 to 70%. This result indicates a formulation-dependent generation of a 



protective, memory-based immune response that was systemic in nature. 
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Example 9 Use of cationic lipid: bacterial genomic DNA as a tumor suppressant 
AB12 Mesothelioma Model 

AB12 is a murine mesothelioma cell line. BALB/c mice were inoculated 
intraperitoneally with AB12 mesothelioma cells on day 0. At three time points, days 6, 10 



wo 00/45849 




PCT/USOO/02943 



and 14, each group of mice were dosed intraperitoneally with one of the following 
formulations: 

Group A: 50 fxg bacterial genomic DNA (cut into ~ 4kb fragments); 
Group B: 100 Aig bacterial genomic DNA (cut into - 4kb fragments); 
Group C: 200/^g bacterial genomic DNA (cut into - 4kb fragments); 
Group D: 100 //g bacterial genomic DNA (cut into - 4kb fragments) complexed 
with cationic lipid GL 67 at a 1 :4 molar ratio (GL67:DNA); and 
Group E: saline. 

By 20 days post tumor cell inoculation, there were no surviving mice from the 
control group, Group E. The results did, however, demonstrate a dose-dependent survival 
advantage of bacterial genomic DNA. Mice from Group B survived up until day 34 while 
mice from Group C survived until day 47. At day 60, approximately 12% of the mice from 
Group C were still alive. 

Most surprisingly, there was a significant survival enhancement for the mice treated 
with the bacterial genomic DNA complexed v^dth cationic lipid GL 67. At day 60, post- 
tumor cell inoculation, 100% of the mice treated with this complex were still alive. 

OVCA Rat Model of Ovarian Cancer 

Administration of bacterial genomic DNA complexed with cationic lipid GL 67 also 
demonstrated efficacy in the OVCA rat model of ovarian cancer. Each group of rats 
received an intraperitoneal inoculation of tumor cells at day 0. Following the inoculation of 
tumor cells, each group of rats received an intraperitoneal dose of one of the following 
formulations at days 6, 10, 14, and 18: 

Group A: bacterial genomic DNA {E, coli DNA) 

Group B: bacterial genomic DNA (£. coli DNA) complexed with cationic lipid GL 
67 at a GL 67:DNA molar ratio of 1:4. 
Group C: saline. 

The results demonstrated a significant survival advantage over the control groups for 
the group of rats treated with GL 67:DNA complex. For example, less than 30% of the rats 
treated with saline were alive 25 days post-tumor cell inoculation, while approximately 30% 
of the rats treated with bacterial genomic DNA survived past 26 days. The rats treated with 
bacterial genomic DNA complexed with a cationic lipid, however, had a survival rate of 
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greater than 70% 45 days post-tumor cell inoculation. This data demonstrates that the 
therapeutic effect is not limited to mouse tumor models. 
M3 Melanoma Model 

On day 0, mice were inoculated intraperitoneally with M3 melanoma cells. 
Following the inoculation of M3 tumor cells, the mice were treated on days 6, 11, 14, and 
18 with either the GL 67:pNull complex, which is cationic lipid GL 67 complexed to a null 
vector (a vector without an expressible insert), or were left untreated (control). All 
imtreated control animals died by day 40, while greater than 85% of the animals treated with 
the GL 67:pNull complex were alive on day 68. 

On day 68, the surviving animals were rechallenged subcutaneousiy with M3 tumor 
cells. A naive group of animals was also challenged with these same cells in parallel. All 
the animals in the naive group died by day 1 05, while approximately 40% of the animals 
that had been originally treated with the GL 67:pNull complex survived not only the initial 
intraperitoneal tumor cells but also the secondary subcutaneous challenge. These results 
indicate generation of a protective, memory-based immune response. 

The MS melanoma model was also used to demonstrate that this surprising efficacy 
cannot be achieved with the components of the lipid:DNA complex, but only with the intact 
complex. Following the intraperitoneal inoculation on day 0 of M3 tumor cells, groups of 
mice were treated on days 5, 10, 14, and 18 with either GL 67:pNull complexes 
(lipid:pN\ill), an equivalent amovmt of GL 67 (lipid alone), an equivalent amount of pNuU 
DNA (pNull vector alone), or were untreated. 

While GL 67 alone showed some benefit, with about 35 % of the mice surviving 
more than 50 days post tumor ceil inoculation, none of the mice treated with the pNuU DNA 
alone or the control survived past 48 days. A significant protection, however, resulted from 
treatment with the GL 67:pNull complexes, where all of the animals survived at least to day 
50. These results not only demonstrate efficacy in an intraperitoneal model of melanoma, 
they also show that this efficacy cannot be achieved with the individual components of the 
lipidrDNA complex. This significant efficacy is only observed with the intact complex. 

It will be apparent to those skilled in the art that various modifications and variations 
can be made in the compositions and methods of the present invention without departing 
from the spirit or scope of the invention. Thus, it is intended that the present description 
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cover the modifications and variations of this invention provided that they come within the 
scope of the following claims and their equivalents. 
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We claim: 

1 . A method of generating an anti-tumor cell immune response in a mammal 
comprising the step of administering to said mammal a composition comprising a complex, 
said complex comprising: 

a cationic molecule and an immxmologically active nucleic acid sequence without an 
expressible cDNA insert, wherein said composition is administered in an amount effective 
to stimulate said anti-tumor cell immune response. 

2. A method according to clairn 1, wherein said immunologically active nucleic 
acid sequence is a bacterially derived plasmid. 

3. A method according to claim 2, wherein said bacterially derived plasmid 
comprises CpG rich motifs. 

4. A method according to claim 1 , wherein said step of administering is 
accomplished by intra-tumoral administration or administration into a body cavity 
compartment containing a tumor. 

5. A method according to claim 1, wherein said step of administering is chosen 
from aerosolization, intravenous injection, oral, intraperitoneal, intranasal, topical, and 
transmucosal administration. 

6. A method according to claim 1, wherein said anti -tumor cell response is a 
systemic response. 

7. A method of generating a protective anti-tumor cell immxme response in a 
mammal comprising the step of 

administering to said mammal a composition comprising a complex, wherein said 
complex comprises a cationic molecule and an immunologically active nucleic acid 
sequence, wherein said complex is provided in an amount effective to stimulate said 
anti-tumor cell immune response, and wherein said administration is for the purpose of 
stimulating said protective anti-tumor cell immime response. 

8. A method according to claim 7, wherein said immunologically active nucleic 
acid sequence is not capable of transcription or translation of a biologically active peptide in 
said mammal. 

9. A method according to claim 7, wherein said immunologically active nucleic 
acid sequence is bacterially derived. 
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10. A method according to claim 7, wherein said immunologically active nucleic 
acid sequence is a plasmid. 

11. A method according to claim 7, wherein said immunologically active nucleic 
acid sequence comprises genomic bacterial DNA. 

12. A method according to claim 7, wherein said immunologically active nucleic 
acid sequence is a fragment. 

13. A method according to claim 7, wherein said immunologically active nucleic 
acid sequence comprises CpG rich motifs. 

14. A method according to claim 7, wherein said step of administering is 
accomplished by intra-tumoral administration or administration into a body cavity 
compartment containing a tumor. 

15. A method according to claim 7, wherein said step of administering is chosen 
from aerosolization, intravenous injection, oral, intraperitoneal, intranasal, topical, and 
transmucosal administration. 

16. A method according to claim 7, wherein said protective anti-tumor cell 
response is a systemic response. 

17. A method of increasing the efficacy of a tumor antigen comprising the 
administration of an adjuvant, wherein said adjuvant comprises 

a cationic molecule: immunologically active nucleic acid sequence complex wherein 
said immunologically active nucleic acid sequence is without an expressible cDNA insert. 

18. A composition for generating a protective anti-tumor cell immune response 
in a mammal comprising: 



a cationic molecule; and 

a immunologically active nucleic acid sequence without an expressible 



cDNA insert. 



19. A composition according to claim 18 wherein said cationic molecule is: 
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20. A method of generating an anti-tumor cell immune response in a mammal 
comprising the step of administering to said mammal a composition comprising: 




and an immunologically active nucleic acid sequence without an expressible cDNA insert, 
in an amount effective to stimulate said anti-tumor cell immune response. 
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